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EXECUTIVE SUMMARY

One area where the Department of Defense (DoD) continues to spend millions of dollars each
year is painting operations, specifically the use of solvent-borne organic coatings to protect
weapon system substrates. Continued use of these coatings results in the emissions of high
volumes of volatile organic compounds (VOCs) and hazardous air pollutants (HAPs). In
addition, their use also presents a significant production burden associated with cure times before
handling, masking, recoating, or flying. Ultraviolet- (UV-) curable coatings are an alternative to
conventional isocyanate-cure polyurethane and epoxy coatings. UV-curable coatings can be
manufactured to be HAP and isocyanate-free using only exempt solvents. They are single-
component, high-solid (nearly 50%), cross-linked coatings that are cured in minutes by brief
exposure to intense UV light. Benefits of successful implementation of UV-curable coatings
include:

e Reduced VOC and HAP emissions

e Reduced hazardous waste

e Reduced waste management costs

e Reduced regulatory financial liabilities

e Enhanced environmental leadership role

e Applied using current painting capital equipment [applied through current spray

technology, high volume low pressure (HVLP) and traditional coating techniques (i.e.,
brush, roll or spray)]
e Decreased process flow time and increased weapon system availability.

Many industrial applications are designed for “full spectrum” UV cure, in which the
photoinitiators are designed for cure with highly intense (more than 500 mW/cm?) UV light with
multiple spectral absorption peaks across the UVA, UVB, and UVC spectrums. However, these
full spectrum cures are hazardous to personnel, requiring enclosed cure areas and full protective
gear for anyone entering those areas. For this reason, all UV-curable coatings utilized in this
project were formulated for near-visible light UVA cure and low intensities.

This project tested and evaluated UV-curable coatings designed to serve as drop-in replacements
for current DoD aerospace topcoats. The commercially available, UV-curable coatings coming
closest to meeting performance requirements were topcoats. Topcoats are applied to a higher
thickness than primer coatings, providing greater potential for environmental benefit. Since
topcoats require significantly longer cure times, the UV-cure topcoats also allow for greater
process time savings. The critical performance properties that the UV-curable coatings were
required to meet are defined by the military specification MIL-PRF-85285, “Coating:
Polyurethane, Aircraft and Support Equipment.”

Initially, two commercial coating suppliers worked to adapt their available coatings to meet these
DoD aerospace topcoat requirements. A partnership between Bayer Material Science (BMS) and
Deft attempted to adapt low-gloss (also known as “flat”) black and gray coatings while DSM
Desotech attempted to adapt high gloss, white coatings. DSM Desotech dropped out of the
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project after its initial effort was unable to achieve a sprayable coating that met other
requirements. BMS/Deft reported initial positive results with the flat black and gray coatings,
and began an effort to formulate the high gloss, white, UV-curable coating that DSM Desotech
was unable to provide.

The BMS/Deft flat coatings proceeded to independent laboratory testing to verify their ability to
meet the performance requirements in the project’s Joint Test Protocol (JTP). The coatings were
also taken to Ogden Air Logistics Center (OO-ALC) for an attempted on-aircraft field
demonstration. However, the BMS/Deft flat coatings failed many of the JTP tests, showing
extremely inconsistent results. The coatings also failed to achieve successful cure during the
attempted demonstration. A recovery plan was developed and enacted to identify the cause of
the failures, and BMS/Deft attempted to formulate a new version of the coating to correct the
problems. Parallel to these flat coating efforts, the BMS/Deft high gloss coating encountered
developmental roadblocks. While most performance criteria were successfully achieved, critical
gloss and humidity resistance requirements could not be met. When the new BMS/Deft flat
formulations continued to show inconsistent results, both the flat and high gloss BMS/Deft
coatings were dropped from the effort.

In order to achieve a UV-curable coating technology suitable for field demonstration, the prime
contractor, Concurrent Technologies Corporation (CTC), began a formulation effort based on
lessons learned from the previous coating formulation efforts. Based on a survey of
commercially available UV-curable resins, this attempt took a “flexibility” approach, making
high flexibility, high resistance property resins a priority early in the formulation process.
However, at the conclusion of the effort, the flat coatings developed still failed some JTP test
requirements and achieved only the minimum requirements on others. An attempted application
demonstration at OO-ALC was also unsuccessful.

Without a functional UV-curable coating technology and specific implementation target, a full
scale cost analysis could not be conducted. However, information gathered over the course of
the effort suggested that opportunity for environmental savings are low due to the increased
environmental friendliness of the next generation of isocyanate-cure polyurethane coatings.
Labor costs also showed limited opportunity for savings, and the UV lamps necessary to
complete cure would require substantial capital investment. UV-curable coatings could
potentially reduce maintenance process time, but no specific value for process time reduction
was documented during this effort.

The stringent performance requirements of DoD aerospace coatings have proven difficult to meet
using UV-curable coatings. Current aerospace topcoats have increased in performance over the
past few decades, reaching their current status of high flexibility, high hardness and fluid
resistance, low gloss, and long-term resistance to UV degradation allowing aircraft to weather
years of direct exposure to sunlight without fading or discoloration. Being able to match not
merely the minimum specification requirements, but the best advanced performance of current
aerospace coatings would be required for Air Logistics Complexes and aircraft System Program
Offices (SPOs) to use UV-curable aerospace coatings.
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In addition to needed improvements in performance properties, testing over the course of this
project has shown that UV-curable coatings are highly sensitive to a variety of application issues
including coating thickness, UV exposure, and compatibility with solvent-based primers.
Potential solutions to this include use of an automated paint and cure system to precisely control
application and cure. However, the capital investment required for such a system would need to
show acceptable payback from process time and material savings. Currently, there is no
identified UV-curable coating suitable for implementation.
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1.0 INTRODUCTION
1.1 Background

The Department of Defense (DoD) is in the process of transforming and modernizing their
depots and maintenance processes with the ultimate goal of reducing the costs and process times
associated with programmed depot maintenance activities. One area where the DoD continues to
spend millions of dollars annually is painting operations, specifically the use of conventional
isocyanate-cure polyurethane and epoxy coatings to protect weapon system substrates. Although
these coatings comply with current environmental rules and regulations, their continued use
results in the emissions of high volumes of volatile organic compounds (VOCs) and hazardous
air pollutants (HAPs). In addition, their use also presents a significant production burden
associated with cure times before handling, masking, recoating, or flying. Under ideal
conditions, current topcoats cure up to eight hours before stencil markings are applied and 72
hours after application before the aircraft can be flown. Under less than ideal conditions, such as
extremes in temperature or humidity, these times can be significantly increased. These long cure
times contribute to excessive backlogs in production and reduced airframe availability to the
Warfighter.

Ultraviolet- (UV-) curable coatings are a potential alternative to conventional isocyanate-cure
polyurethane and epoxy coatings. UV-curable coatings can be manufactured to be HAP and
isocyanate-free using only exempt solvents. They are single component, high-solid (nearly
50%), cross-linked coatings that are cured in minutes by exposure to intense UV light. Benefits
of successful implementation of UV-curable coatings include:

e Reduced VOC and HAP emissions

e Reduced hazardous waste

e Reduced waste management costs

e Reduced regulatory financial liabilities
Enhanced environmental leadership role
Applied using current painting capital equipment [applied through current spray
technology, high volume low pressure (HVLP) and traditional coating techniques (i.e.,
brush, roll or spray)
e Decreased process flow time
e Increased weapon system availability

Concurrent Technologies Corporation (CTC) acted as lead contractor for this project with the
Environmental Security Technology Certification Program (ESTCP) to demonstrate/validate
(Dem/Val) the capability of selected UV-curable coatings to serve as drop-in replacements for
current coating systems used on United States Air Force (USAF), United States Coast Guard
(USCG), and United States Navy (USN) aircraft. As UV-curable coatings are not currently in
broad use within the aviation community, this project targeted small area aerospace topcoat
applications. Ogden Air Logistics Center (OO-ALC) at Hill Air Force Base (AFB) was chosen
as the primary demonstration site. Points of contact for this effort are listed in Appendix A,
Points of Contact.
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1.2 Objectives of the Demonstration

The objective of this effort was to Dem/Val the capability of selected commercially available
UV-curable coatings to serve as drop-in replacements for current topcoats and stencil coats used
on simple-geometry, on and off-aircraft parts from USAF, USCG, and USN aircraft. The project
evaluated selected UV-curable topcoats for their ability to meet or exceed the performance of
current coatings, reduce hazardous waste, and reduce process time for depot and field
maintenance operations. Upon successful demonstration of a UV-curable topcoat, the objective
was to support transition into production use at OO-ALC and potentially other locations. Table 1
summarizes the affected programs and candidate parts where use of UV-curable coatings may
help eliminate VOCs and HAPs.

Table 1. Target Hazardous Material (Hazmat) Summary

Target Current Apolications Current Affected ggrr]g 'gzge
HazMat Process PP Specifications | Programs
Substrates
VOCs & Solvent- | Aircraft stencil MIL-PRF- A/OA-10, | USAF: F-16
HAPs borne coatings and 85285D F-16, and C-130
(including coatings off-aircraft C-130, markings and
xylene and components P-3, repairs;
ethyl HH-60, MysN: p-3
benzene) HU-25 markings and
wheels
Mysca:
HH-60
exterior panels
and fuel tanks

I Although USN and USCG aircraft were demonstration targets, the coatings intended
for usage with these systems did not pass laboratory testing and were not
demonstrated.

1.3 Regulatory Drivers

Large quantities of air emissions are commonly generated by depot painting activities using
solvent-borne coatings. In 2006, over eight tons of VOCs were emitted by painting operations at
Hill AFB. Many of the substances found in these air emissions are on the Environmental
Protection Agency’s (EPA’s) list of HAPs. In addition, waste from two-component solvent-
borne coatings may be as high as 20%, as unused coating cannot be returned to storage after
activation.

These emissions and waste products are impacted by a number of regulations promulgated under
the Clean Water Act (CWA), Clean Air Act (CAA), and Resource Conservation and Recovery
Act (RCRA). Executive Order 34123, dated January 24, 2007, also requires the DoD to reduce
the procurement and use of hazardous chemicals and toxic materials. Hazmat reduction is driven
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by the CAA and RCRA through pollution prevention (P2) efforts. UV-curable topcoats are
almost completely free of non-exempt VOCs and HAPs and can be returned to their container for
later use if unused in a coating process, allowing an immediate impact on P2 efforts if they can
be used in place of current coatings.
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20 DEMONSTRATION TECHNOLOGY

2.1  Technology Description

The characteristics of the coating technology demonstrated were determined by a number of
process requirements. The basic cross-linking chemistry for coatings to cure by exposure to
intense UV light was developed and perfected for commercial use in other industries. This base
process allows a wide range of variation in the wavelength and intensity of the UV light utilized
to cure the coating based on the lamp system used. Safety and environmental concerns
determined the UV spectrum used and hence the curing UV lamps utilized as part of this
technology. Finally, the specialized performance requirements of coatings used on DoD military
aircraft played a large role in determining the final technology characteristics.

2.1.1 Base UV Cure Process

UV-curable coatings are single component, high-solids cross-linked coatings cured by brief
exposure to intense UV light. The chemical reaction, or polymerization, that occurs in UV
coatings involves three major constituents: photoinitiators, oligomers, and monomers. In the
presence of UV light (and dependent on the intensity of the light), photoinitiators absorb specific
frequencies of light and initiate a high rate reaction between the oligomers and monomers.
Oligomers are polymers that define the coating’s physical properties, with examples being
urethanes, epoxies, polyester epoxies and acrylates, and polyesters. In UV-coating formulation,
the oligomer forms the backbone of the structure and the monomers “link” to the oligomers to
form a network during exposure to UV light. Increasing the number of reactive groups, called
multifunctional monomers, will increase the cross-linked density of the coating. In addition,
these monomers are generally low viscosity and can also serve as a diluent to decrease coating
viscosity for application purposes. Figure 1 illustrates the process.
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Figure 1. UV Cure Process

UV-curable coatings are commercially available, having been used extensively in Europe for
almost 30 years, and have been entering into the United States market within the last 13 years.
Primary markets for UV-curable coatings include, but are not limited to, automotive, printing,
laminated floor covering, and wood finishing applications. Companies such as Ford, Honda, and
BP have been focusing on green technologies and have implemented UV-curable coatings due to
its environmental, performance, and operational benefits.

2.1.2 UV Spectrum and Intensity Utilized for Coating Cure

The cure of a UV-curable coating depends on the spectral absorbance peaks of the
photoinitiators, the intensity of the UV exposure, and the total energy delivered to the coating
being cured. These factors are controlled by the UV illumination source, henceforth referred to
as the “UV lamp” utilized with the coating.

Spectral absorption peaks designate the wavelength of the spectrum the photoinitiators can
successfully absorb. Successful cure of the coating depends on the energy put out by the UV
lamp being in these wavelengths. The wavelengths of the UV light spectrum are divided up into
ranges, as shown in Table 2 below.
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Table 2. UV Light Ranges

Name Wavelength in Nanometers (nm)
UVV (visible) 400 nm to 445 nm
UVA (long wave) 315 nm to 400 nm
UVB (medium wave) 280 nm to 315 nm
UVC (short wave) 200 nm to 280 nm

Minimum intensity and total cure energy represent the amount of UV exposure the coating must
receive in order to successfully complete cure. Minimum intensity for UV cure is normally
expressed in miliwatts per square centimeter (mW/cm?) or while total energy is typically
expressed in terms of milijoules per square centimeter (mJ/cm?). Thus, the cure illumination
requirements of a UV-cure coating can be expressed as a total energy delivered at a minimum
intensity at specific spectral absorption peaks. If the energy supplied is less than the minimum
intensity required to initiate the cure, the coating will not cure regardless of the total energy
supplied over longer periods of time.

Many industrial applications are designed for “full spectrum” UV cure, in which the
photoinitiators are designed for cure with high intensity (more than 500 mW/cm?) UV light with
multiple spectral absorption peaks across the UVA, UVB, and UVC spectrums. This
combination of longer and shorter wavelengths at high intensities typically allows cure in
seconds. However, these full spectrum cures are hazardous to personnel, requiring enclosed cure
areas and full protective gear for anyone entering those areas. The hazardous effects of exposure
to UV-light result mainly from exposure to the UVB and UVC portion of the spectrum. The
American Council Of Government Industrial Hygienists (ACGIH) and National Institute for
Occupational Safety and Health (NIOSH) have established the following exposure limit for UVA
energy: near UV (315-400 nm): 1 mW/cm? for exposures > 16 minutes. Because of the rapid
drop-off in power as the distance from the light source is increased, low intensity UVA light
sources can safely be utilized in an open body shop environment.

To serve as a drop-in replacement for aerospace coatings utilized on simple-geometry, on and
off-aircraft parts and repairs, UV-curable coatings must be applied and cured in the large depot
spray booths where full aircraft such as F-16s and C-130s are currently painted during
maintenance. This open environment poses a high risk of personnel exposure to direct or
indirect UV light. For this reason, all UV-curable coatings utilized in this project were
formulated for UVA cure and low intensities.

2.1.3 UV Cure Lamps

In addition to the UVA spectrum and low intensity requirements discussed in Section 2.1.2, the
UV lamp systems utilized in this demonstration had to be both portable and explosion-proof.
Portability was required to enable the UV lamps to reach various areas of an aircraft and make
the technology practical for implementation. The explosion-proof requirement comes from the
need for UV lamps to operate within the large spray booths where paint is applied to aircraft.
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USAF Technical Order (TO) 1-1-8, “Technical Manual Application and Removal of Organic
Coatings, Aerospace and Non-Aerospace Equipment,” states under Section 5-6 Spray Booths
and Painting Areas, General: “Lighting shall amply illuminate all surfaces being painted, and all
lighting and connecting electrical switching shall be explosion proof.”

Stakeholders in the maintenance wing of OO-ALC, the initial target for implementation of UV-
curable coatings, stated that TO 1-1-8 and their own internal operating procedures mandated that
any UV lamp utilized for small area repair must be explosion-proof. In this case, explosion-
proof is defined as meeting the National Electrical Code (NEC) requirements for Class I,
Division | equipment. Based on these requirements, stakeholders determined that successful
implementation of UV-curable coatings requires a UVA lamp certified as Class I, Division |
under the NEC code and set into a portable manipulation system allowing lamps to be positioned
around the aircraft for optimum cure intensities on areas where coating is applied.

There are multiple portable UVA light lamps commercially available which are designed
primarily for automotive body shop work. These provide the UVA spectrum, low intensity, and
wide cure area required for simple geometry, large and small area coating. During coating
optimization and initial rounds of testing according to the Joint Test Protocol (JTP), coatings
were cured using a Cure-Tek 1200 Watt lamp system sold by H&S Autoshot, shown in Figure 2.
It should not be interpreted that the formulations tested under this project may only be cured
specifically with a Cure-Tek system - other UVA lamp systems may be utilized for a successful
cure providing they can provide the correct spectral peaks and intensities.

Figure 2. Cure-Tek 1200W Lamp
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The Cure-Tek 1200 is a medium-pressure mercury arc lamp technology that produces UV light
through the ionization of mercury within a quartz tube. This is accomplished by passing an
electrical current across the electrodes located at each end of the tube. Arc lamp technology is a
common technology for cure of UV-curable coatings, as it was the first lamp system developed
for UV-curing and is still the most widely used technology today. The Cure-Tek 1200 is not
explosion-proof in its baseline commercial model. However, during the course of this project a
modified Class I, Division | explosion-proof version of the Cure-Tek 1200 was developed by
H&S Autoshot. This explosion-proof UVA lamp, shown in Figure 3, was utilized in the final
round of laboratory testing and the final depot application demonstration.

‘‘‘‘‘‘‘

e —w il - .

s i

Figure 3. Explosion-Proof UVA Lamp
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The emission peaks of the Cure-Tek 1200’s spectral output across the UV nm range are shown in
Figure 4 below. The lines at 315 nm and 400 nm designate the boundaries of the UVA portion
of the spectrum. As shown, two large emission peaks of UV energy are at 365 nm and 395 nm,
two common absorbance points for commercially available UVA photoinitiators.
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Figure 4. Manufacturer-Provided Spectral Output

Minimum cure intensity requirements varied among the multiple UV-curable topcoats evaluated
during this effort, but the final coating demonstrated had a minimum required intensity of
approximately 30 mW/cm?. The minimum cure time at this intensity was determined to be 10
minutes, meaning the minimum required UV energy is approximately 18 J/cm® This cure time
of 10 minutes is comparatively longer than the full spectrum cure times of seconds utilized in
many non-aerospace commercial applications primarily due to the higher thicknesses and
pigment and filler loadings of the test coatings. However, a cure time of minutes as opposed to
seconds is still desirable over the hours that solvent-borne coatings can take to cure.

2.1.4 Role as Aerospace Coating Drop-In Replacement

Base Coating Stack-Ups
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Aircraft substrates may be made of aluminum, steel, other metallic alloys, or non-metallic
composite substrates. However, the majority of aircraft surfaces are aluminum, and all testing of
the UV-curable coatings was conducted using aluminum substrates.

Similar three-part coating stack-ups are used to paint aircraft for the USAF, USCG, and USN.
These consist of a metal pretreatment applied directly to the substrate, a thin layer of primer
coating to promote adhesion and provide corrosion resistance, and a topcoat that provides
coloration and resistance properties. To create markings, an additional layer of topcoat in a
differing color is applied using a stencil. The SPO for most weapon systems require that the
primer coating be qualified to the military specification (mil-spec) MIL-PRF-23377 (Primer
Coatings: Epoxy, High-Solids) and the topcoats be qualified to MIL-PRF-85285 (Coating:
Polyurethane, Aircraft and Support Equipment).

Coatings Targeted for UV-Cure Replacement

This project tested and evaluated UV-curable coatings designed to serve as drop-in replacements
for topcoats. There were several reasons for the selection of topcoats as a replacement target.
The commercially-available, UV-curable coatings coming closest to meeting mil-spec
performance requirements were topcoats. Topcoats are applied to a higher thickness than primer
coatings, meaning they are used in higher volume and provide greater potential for
environmental savings. Aerospace topcoats can have a cure-to-touch time of 8 hours or more
compared to 4 hours or more for primers, meaning that UV-curable topcoats allow for greater
process time savings. Topcoats also serve as marking coatings, meaning that they have an
immediate implementation opportunity in a low risk, small area application.

Current Cure Times

Current aerospace topcoats qualified to MIL-PRF-85285 are the result of decades of industry
development to meet increasing performance requirements. Among other improvements, this
has resulted in a reduced “cure-to-touch” time, that is the time after paint is applied before which
the paint has not cured enough to risk moving or conducting other work on the aircraft. This is
distinct from “cure to fly” which is a longer period after paint is applied before the aircraft can be
flown. Where former cure-to-touch times were up to 24 hours, some topcoats qualified under
MIL-PRF-85285 cure-to-touch in as little as 8 hours.

Replacing current qualified topcoats with UV-curable coatings that can cure in minutes could
save up to 8 hours of cure-to-touch time during which other work cannot be conducted on a part
or aircraft.

2.2 Technology Development

2.2.1 Laboratory Screening Testing

The USAF has maintained a long time interest in UV-curable coatings as a means of reducing
environmental pollution and maintenance process times. In 2006, the Air Force Research
Laboratory (AFRL) established a UV-curable coating program with the goal of testing,
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demonstrating, and implementing UV-curable coatings for USAF aerospace applications. CTC
oversaw this program under the direction of the AFRL. CTC first documented the requirements
for quick-cure environmentally-acceptable coatings by conducting site surveys to gather baseline
information and performance requirements from the USAF maintenance depots. CTC then
conducted a study of the state of the UV-curable coatings technology by submitting a request for
information to UV-curable coating vendors and curing technology vendors for interest in
pursuing the military aviation market. Based on the results of the market survey, UV-curable
coatings with potential for use as aerospace primers, one-coats, topcoats, and primer/topcoat
systems were selected for initial screening testing.

This initial screening testing was based on those requirements considered most critical for USAF
aerospace coatings per the results of the baseline information from the USAF maintenance
depots. These key performance requirements included adhesion, fluid resistance, flexibility,
impact resistance, weatherability (for topcoats and one-coats), and corrosion resistance (for
primers and one-coats). During the screening testing, 23 coating stack-ups were applied and
cured in vendor laboratories under full spectrum UV lights. The USAF’s Coatings Technology
Integration Office (CTIO) then conducted the screening testing of the selected commercial off-
the-shelf (COTS) UV-curable coatings. While none of the COTS coatings tested met all
requirements, each performance requirement was met by at least one coating.

As part of the AFRL’s UV-curable coatings program, a phased approach was developed to scale
up and transition UV-curable coatings into depot maintenance operations. The first phases of
this effort were to focus on simple, easy-to-implement applications, leveraging successful
implementation of these applications to support further implementations. As described in
Section 2.1, a decision was made to focus on UVA-curable aerospace topcoats for simple-
geometry, marking coatings, and off-aircraft parts as the first targeted application of the phase
approach. This decision was made based on both the results of the screening testing and the
feedback from the site surveys. During initial testing, several of the UV-cure coatings tested as
topcoats showed strong performance. The site surveys indicated that maintenance depots would
be most willing to demonstrate and implement UV-curable topcoats, as primers were considered
more critical due to their corrosion prevention properties. Based on the results of the screening
testing and the initial site surveys, an ESTCP proposal was submitted. Simultaneously, AFRL
directed that a second round of COTS UV-curable testing be initiated. As the enclosed UV-
exposure space required for full spectrum cure is considered impractical for small area and
marking coatings, it was determined that UVA lamp cure would be required for use in a
maintenance environment.

Those UV-cure vendors with topcoats showing promise for aerospace applications were
contacted and requested to reformulate their topcoats with the goal of both UVA cure and to
better meet USAF aerospace coating requirements. Three suppliers elected to reformulate their
topcoats and resubmit for a second round of testing. These were Red Spot Coatings, DSM
Desotech, and a partnership of Bayer Material Science (BMS) and Deft coatings. The submitted
coatings were tested with two control coatings, one meeting the MIL-PRF-85285 Type | and one
meeting advanced performance requirements that would eventually be included in MIL-PRF-
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85285 as Type 1V, “Aircraft Application with extended weatherability.” In this round of testing,
the samples were applied and cured at the CTIO using a Cure-Tek 1200 UVA lamp system. The
second round of testing began in March 2008 with the coatings shown in Table 3.
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Table 3. Second Round Coatings

Vendor Color Identifier
Control meeting Camo Gray Deft 03-GY-321
MIL-PRF-85285
Control meeting APC Camo Gray Deft 99-GY-001
BMS/Deft Coatings Camo Black 21BK001
BMS Camo Black NB 954148
BMS Camo Black NB 954149
BMS Camo Black NB 954150
Red Spot Gloss White UVvX0724
DSM Desotech Gloss White DN-0197
DSM Desotech Camo Gray DN-0196
Red Spot Camo Gray UV X0726

These coatings underwent testing based on the MIL-PRF-85285 requirements, and the resulting
data was analyzed. Full data is shown in Appendix B, Second Round Test Data. To summarize,
the BMS/Deft coating, 21BK001, showed excellent performance properties in nearly all
requirements, falling short only in gloss requirements and impact resistance. For gloss coatings,
the DSM gloss white coating showed good resistance to fluids and nearly met requirements for
color change in the UV weathering chamber. The Red Spot gloss white was unable to meet
minimum adhesion requirements, adhesion being the most important requirement for any
coating.

2.2.2 Field Trial of 21BK001

Per AFRL direction, CTC supported an ongoing effort by the CTIO to conduct field trials of the
21BKO001 for marking applications. CTC monitored two field demonstrations where these
topcoats were applied as markings on DoD aircraft. The first field demonstration was conducted
at the lowa Air National Guard on December 11, 2007. The black 21BK001 and an
experimental gray version were applied by representatives from BMS and Deft Coatings as
stenciled markings on the tail of an lowa Air National Guard F-16 aircraft in Des Moines, lowa.
The flat black coating was successfully applied and cured with a Cure-Tek 1200 lamp system.
However, the gray coating could not be cured and was removed. Later investigation indicated
that the coating failure may have been due to a formulation error. Figure 5 shows the cure in
progress.
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Figure 5. Field Trial on lowa Air National guard F-16

A second field trial was conducted at the USAF Reserve’s 911" Airlift Wing at Pittsburgh,
Pennsylvania on April 18, 2008. A flat black marking coating was stenciled on the unit
designator and wing flap of a C-130 aircraft. As before, the coating was applied and cured
successfully. These demonstrations provided useful practical field experience for the USAF’s
ongoing UV-curable coatings program. Figures 6 and 7 show the coating being cured on the
wing flap and unit designator.
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Wing Flap at Pittsburgh 911th USAF Reserve

Figure 7. Black Topcoat Cured on C-130 Unit
Designator at Pittsburgh 911" USAF Reserve
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2.2.3 Final Selection for ESTCP

Most aircraft topcoats used in high quantities across the USAF, USCG, and USN are various
shades of gray, white, and black (though the USCG also uses orange coatings). The most
commonly used gray and black colors are low gloss, also known as “flat” or “camo.” The most
commonly used white colors are high gloss, generally known as “gloss.” Discussion with UV
coating vendors indicated that flat and gloss coatings pose different types of formulation
challenges and would have to be developed separately. Based on the screening test results,
BMS/Deft was selected to conduct reformulation and optimization of flat black and gray
coatings based on 21BK001. DSM Desotech was to conduct reformulation and optimization of
gloss white coatings based on DN-0197. The selected color/gloss combinations, noted in Table
4, were chosen based on their applicability to demonstration and technology transition targets.

Table 4. UV-Cure Coatings Targeted for Development

Color FED-STD-595C Supplier Usage
Color Number
Camo Gray 36118 BMS/Deft F-16 markings
Camo Gray 36173 BMS/Deft C-130, KC-135 exterior topcoat
Flat Black 37038 BMS/Deft Aircraft markings (multiple
systems)
Gloss White 17860 DSM Desotech Aircraft parts / markings for
USCG
Gloss White 17925 DSM Desotech Aircraft parts /markings for
USAF and USN

2.3  Advantages and Limitations of the Technology

UV-curable coatings offer the following benefits over current solvent-borne isocyanate-cure
polyurethane coating systems:
e Reduction/elimination of VOC and HAP emissions
e Fully cured within minutes of UV exposure, decreasing dry-to-touch and dry-to-fly time,
which increases mission readiness
e Requires less paint due to being a one component system with no wastage due to over
preparation
e Does not have pot life issues associated with multi-component solvent- or water-borne
conventional coatings

UV-curable coatings have the following limitations compared to current use solvent-borne
coating systems:
e Additional capital investment, operation, and maintenance budget required for UV
lamp system
e Exposure to UV light can be a worker safety issue
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e High sensitivity to application thickness, as too-thick coating application can prevent
successful cure

e Additional labor required to operate and direct UV-cure system

e Direct exposure of coating to UV light required for successful cure, making cure of
complex three dimensional geometries difficult

Of these limitations, the first four are expected to be persistent trade-offs for the use of UV-
curable coating technology, although automating the application and cure process is expected to
provide mitigation. It is expected that the difficulties of curing complex surfaces will be
addressed through continuing technological developments such as dual-cure coatings that will
slowly cure areas missed by UV exposure and robotic UV lamps systems that are programmed to
fully expose the entire coated substrate.
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3.0 PERFORMANCE OBJECTIVES

Performance objectives consisted of two categories. The first is laboratory performance
objectives as required by the JTP. The second set of performance requirements evaluated during
field application demonstrations of the UV-curable coatings.

3.1  JTP Performance Objectives

The JTP was prepared to delineate and describe the laboratory testing required to validate COTS
UV-curable coatings for DoD aerospace topcoat applications. These minimum acceptable
performance requirements were drawn directly from the mil-spec MIL-PRF-85285D. UV-
curable coatings cannot qualify under the MIL-PRF-85285 mil-spec due to composition
requirements mandating usage of pigmented polyester resins and aliphatic isocyanate resins.
However, there is precedent for weapon system SPO authorizing use of coatings meeting
performance requirements without official qualification to the specification.

There is one important note regarding these objectives. While the JTP performance objectives
represent performance requirement for on-aircraft usage MIL-PRF-85285 Types | and 111, the
February 2, 2009 revision to MIL-PRF-85285 introduced a new Type IV “Aircraft Application
with Extended Weatherability.” Over the time period of this project, Type IV has been adopted
as standard for the majority of USAF aircraft. Type IV has a 3000 hour requirement to maintain
color and gloss during accelerated weathering testing, as compared to the 500 hour requirement
of other MIL-PRF-85285 types. Aircraft painted with Type IV coating may potentially go
longer between repaints while still maintaining professional military appearance. While UV-
curable coatings that do not meet the 3000 hour requirement could still be used in marking and
repair applications, stakeholders in the USAF, USN, and USCG have indicated that UV-curable
topcoats used over large areas of an aircraft surface would need to meet the Type IV
requirements.

Multiple iterations of JTP testing were conducted for UV-curable coatings, as the initial
reformulated coatings from BMS/Deft and DSM Desotech failed to meet performance
objectives. Table 5 presents a brief summary of the JTP requirements and results for the final
36173 gray and 36118 gray UV-curable coating colors tested. (Gloss white and flat black
formulations dropped out of testing before the final test iteration.) More detail on all iterations
of JTP testing will be presented in Section 6.

! Type Il is for ground support equipment.
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Table 5. JTP Performance Requirements

Results | Results
Tests ALY Target Criteria 36118 361173
Standards
Gray Gray
Color D 2244 Solor difference (AE) of less than 1 Pass Pass
rom standard
Gloss D523 [At60°<5;at85°<9 Pass Pass
D 3359, [No peel away; target rating of 4A or
\Wet Tape Method A [5A 4A 4A
MEK Rub None |No substrate exposure Pass Pass
Low Temp. !\Io cracking or adhesion I_oss over 1
Bend D 522 lnf:h bend (gloss and semi-gloss) or Pass Pass
2 inch bend (flat)
Minimum of 40% elongation; no
GE Impact D 6905 |cracking, crazing, or loss of 40% 40%
adhesion
Pencil HB or harder; initial hardness - data
Hardness D 3363 point for fluid resistance F(Pass) | F (Pass)
Fluid
Resistance Softening no more than two (2)
(Lube oil, D 3363 |pencil hardness unit; no blistering or Pass Pass
hydraulic D 3359 |defects after exposure to lube oil,
fluid, JP-8 hydraulic fluid and JP-8 fuel
fuel)
Accelerated
\Weathering Color change (AE) of less than 1 ) .
(Color and G 155 after 500 hours; five (5) gloss Fail Fail
Gloss)
Heat Color change (AE) of less than 1
. D 2244 |after exposure to 250 + 5°F for 60 Fail Pass
Resistance .
minutes
Humidity No blistering, softening, loss of
Resistance D 2247 adhesion or other film defects Pass Pass
Cleanability | D 2244 |Cleaning Efficiency > 75% Pass Pass
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No formulation of the UV-curable coatings was able to successfully pass all JTP performance
requirements despite repeated development and testing iteration cycles and assistance sought
from multiple coating developers. Without the ability to meet these performance requirements,
the coatings could not proceed to a full scale demonstration or eventual implementation. Note
that while the accelerated weathering and heat resistance results were the failure points for the
final test iteration, various iterations of UV-curable formulations passed accelerated weathering
but failed on other objectives such as GE impact flexibility or fluid resistance.
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Section 2.2.1, the Deft/BMS 21BKO001 evaluated during screening testing failed only in meeting
minimum gloss requirements and GE impact resistance flexibility.

3.2  Field Demonstration Performance Objectives

Per the Demonstration Plan, UV-curable topcoats that meet JTP performance objectives were to
proceed to a one year on-aircraft field demonstration. Since none of the coating formulations
successfully passed the JTP testing iterations, the one year on-aircraft test was not conducted.
Two attempts were made to conduct an on-site application and cure trial at OO-ALC as a partial
demonstration under depot maintenance conditions. One application demonstration was
attempted on July 13-15, 2010, and the second demonstration was attempted on June 12, 2012.
In both demonstrations, attempts to successfully cure the UV-curable coatings failed. Results of
these demonstrations are detailed more fully in Section 6.

Due to these depot application failures and inability to conduct a one-year field evaluation, most
of the field demonstration performance objectives could not be evaluated. Table 6 shows field
demonstration performance objectives listed in the Demonstration Plan and the results where
applicable.
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Table 6. Field Demonstration Performance Objectives

Perfqrmgnce Data Requirements Success Criteria Results
Objective
Quantitative Performance Objectives
e Record quantities of UV-curable | Show reduction in Formulation shows
coatings used and solvent-borne | air emissions from fower nollutants
Pollution coatings used for targeted current coating po :
. but without
Prevention components systems . .
. implementation
Savings e Record VOC and HAP content : th
f UV-curable and solvent-borne Savings cannot be
ory estimated
coatings
e Record initial post-cure Show color/gloss AE
color/gloss for UV-curable of <1 OR color
Color/Gloss . . loss AE < that of
change over coatings and control coatings for | gloss AE < that o Not tested
each aircraft the control coating
one year : :
e Take color/gloss readings at six
month intervals for one year
e Track total time required to Show reduction in
complete coating application and | process time from
Process Time full UV-cure that of current
. . . Not tested
Reduction e Track total time required for process
cure-to-flight with current
coating system
Qualitative Performance Objectives
Coating ease | Feedback from facility personnel on | Facility personnel
of ease of applying UV-curable indicate minimal to Some trials and
application coating; thickness of applied coating | no increase in multiple attempts
difficulty from required to learn
current coatings; how to spray
thickness of applied | coating to correct
coating matches thickness
current systems
Coating Take visual observations and Appearance of
appearance photographs of UV-cured and coating matches that
L i . Not tested
control coatings immediately after of current coating
cure and at six month intervals

Though most field performance objectives cannot be evaluated, Table 7 shows a comparison can
be made between the pollutant content of the final UV-curable topcoat formulations and
Defthane Extended Lift Topcoat (ELT) 36173 Gray Color, a topcoat supplied by Deft Coatings
that meets MIL-PRF-85285, Type I.
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Table 7. Pollutant Comparison

Pollutants UV-Curable Formulations Defthane ELT 36173 Gray
VOCs Utilize only exempt’ solvents 15-40% by weight
HAPs None 3-7% by weight (xylene)

'Exempt solvents do not react with sunlight to form smog, so their use is thus free of legislative
control.
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4.0 SITES/IPLATFORM DESCRIPTION

4.1  Test Facilities and Weapon Systems

In the approved Demonstration Plan, three sites were selected for field demonstration of UV-
curable topcoats. Due to the inability of UV-curable formulations to pass laboratory
performance testing, limited application trials were conducted only at the primary demonstration
site, OO-ALC at Hill AFB.

Hill AFB is an Air Force Materiel Command base located near Layton, Utah. Hill is home to
many operational and support missions. Hill AFB is the site of OO-ALC, one of the USAF’s
three maintenance depots. The base performs depot maintenance on the F-16, A-10 and C-130
aircraft. Two Principal Investigators (PlIs), both located at OO-ALC, oversaw this ESTCP
program. They were Mr. Glen Baker and Mr. John Jusko. Mr. Baker was lead of process
engineering for Aircraft Coatings Application & Removal at Hill AFB. Mr. Jusko, who took
over from Mr. Baker in July 2010, is the Local Small Business Innovation Research (SBIR)
Program Manager.

The selected demonstration targets were F-16 aircraft markings and C-130 markings and small
surfaces such as propeller tips, engine exhaust tracks, life raft covers, and escape hatch covers.
Potentially off-aircraft components from the F-16 and/or C-130 or A-10 would also have been
included. Hill processed 128 F-16 aircraft, shown in Figure 8 below, in 2007. The F-16
markings were chosen as a demonstration target for several reasons. First, the quantity processed
per year nearly guaranteed availability for field demonstration as well as providing a high benefit
if current stencil coatings can be replaced with UV-curable coatings. Additionally, USAF F-16
aircraft markings are painted with Camo Gray 36118, which is also used as topcoat on USAF
B-52 and HH-60 aircraft. A successful demonstration of the Camo Gray 36118 as a stencil
coating would have potentially led to later implementation as a topcoat on B-52 and HH-60
aircraft.
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Figure 8. USAF F-16 Aircraft

Hill processed 43 C-130 aircraft, shown in Figure 9, in 2007. C-130 markings are painted with
Camo Black 37038, which is widely used in stenciling and other applications throughout the
USAF, USN, and USCG. In addition to markings, the C-130 has convenient hatch covers for
demonstrating the Camo Gray 36173 UV-curable formulation. Because Camo Gray 36173 is
used as a topcoat on USAF C-130, C-5, C-17, and KC-135 aircraft, successful demonstration of
the coating on small exterior aircraft areas would have potentially led to further implementation
opportunities.

Figure 9. USAF C-130 Aircraft
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However, as discussed in Section 3, multiple iterations of the UV-curable topcoats failed to meet
laboratory performance requirements. Application demonstrations were conducted at OO-ALC
on a simulated aircraft surface, pictured in Figure 10, but no UV-curable coatings were applied
to in-service aircraft or components.

Figure 10. Simulated Aircraft Surface Used in Application Demonstration
4.2 Present Operations

In terms of overall process, the targeted painting operations are similar throughout all DoD
aircraft maintenance activities. The targeted application types are stencil markings, where the
UV-curable coating is applied over a solvent-borne topcoat, repairs where a small area of the
aircraft surface is repainted with UV-curable coating after being stripped for repair, and off-
aircraft painting where a component removed from the aircraft during the maintenance process is
coated with the UV-curable coating as a topcoat. All UV-curable coatings utilized in this
demonstration have equal applicability for either application. Figure 11 shows the depot painting
operation for aircraft. Off-aircraft components have primer and topcoat applied in separate
painting areas.

28
DISTRIBUTION A: Approved for public release; distribution unlimited.

PA Release #: 88ABW-2014-5955



Aircraft

as Hazardous Waste

dand Mask for Prime
stripped an —> | Primeand | ey (dry —_—
prepared Topcoat for4
for paint hours)
Topcoat Apply Stencil Apply Remove
> (dry & Mask ; T t 9 . a Cure Stencil
72 hours) Surrounding Opcoa. Masking Coatings
to Stencil
Area
Dispose
of Masking

Return
Aircraft to
Service

4.3  Site-Related Permits and Regulations

The UV-curable coatings application demonstration required that two items be brought on site.
These items were: 1) liquid samples of the UV-curable coating colors being demonstrated and 2)
the UV curing lamp system. As discussed in Section 2.1.3, Environmental, Health, and Safety
(EH&S) personnel determined that a UV lamp implemented in the aircraft paint area would have
to be Class I, Division | explosion-proof by NEC standards. An explosion-proof version of the
UV lamp was procured under a related effort for use in this project, and similar explosion-proof
systems would likely be required for any UV-curable coating implementation conducted in
aircraft paint areas at DoD installations.

A Materials Data Safety Sheet (MSDS) for each demonstrated UV-curable coating was
submitted to the EH&S office at OO-ALC prior to each application demonstration. The MSDSs

were reviewed and the demonstrations were approved.
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5.0 TEST DESIGN

Three forms of testing were carried out during this effort. During internal development testing,
coating development teams attempted to reformulate their coatings to meet performance
requirements. This testing occurred on a less structured, development basis as various
performance properties were tested and retested as the coating formulation changed. Once these
development teams indicated that their coatings would pass aerospace performance
requirements, the coatings were submitted to structured laboratory testing according to the JTP.
In addition, application trials were performed to document the ability of the coatings to be
applied and successfully cured.

51 Internal Development Testing

Internal development testing occurred outside the scope of the JTP but prior to the field
demonstrations. Coating developers carried out internal testing during their optimization work
on the flat grays and black and the gloss white formulations. The design and performance
objectives of these tests are fully described under Section 5.2, JTP testing. This section will
describe which development team carried out internal developmental testing on which
formulations. Table 8 summarizes this information.

30
DISTRIBUTION A: Approved for public release; distribution unlimited.

PA Release #: 88ABW-2014-5955



Table 8. Summary of Internal Development Testing

Development Team Coatings Testing
DSM Desotech e Developmental gloss white Gloss
based on DN-0197 Adhesion
Weathering

GE Impact Flexibility
Heat resistance
Opacity

Fluid resistance

BMS / Deft Coatings

Developmental 36173 Gray
Coating (21GY001)
Developmental 36118 Gray
Coating (21GY002)
Developmental 37038 Black
Coating (21BK003)

Color/Gloss

Adhesion

Weathering (500 hrs)
Flexibility

Fluid resistance
Heat/humidity resistance
Opacity

Freeze/thaw

Cure thickness

Developmental waterborne
gloss white (BMS #096098)

Color/Gloss

Adhesion

Weathering (500 hrs)
Flexibility

Fluid resistance
Heat/humidity resistance

CTC /BBM Technologies

Developmental flexible resin
based 36173 Gray Coating
Developmental flexible resin
based 36118 Gray Coating
Developmental flexible resin
based Black Coating

Color/Gloss

Adhesion

Weathering (500 hrs)
Flexibility

Fluid resistance
Heat/humidity resistance

5.1.1 DSM Desotech Internal Development

DSM Desotech (DSM) is a developer of formulated coatings and composites who entered the
UV-curable market through development of UV-curable optical fiber materials. Based on the
results of the screening testing described Section 2.1.2, DSM was subcontracted to formulate
gloss white coatings meeting aerospace requirements. The intent was that DSM would serve as a
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supplier for UV-curable aerospace topcoats upon completion of the effort. This laboratory work
was conducted through their “UVention” group dedicated to the development of specialty UV-
curable coatings. Address and contact information for UVention is listed below:

John K. Braddock

DSM Desotech Inc.

1122 St. Charles Street

Elgin, Illinois 60120-8498 USA

Tel: +1-224-402-0924

UVention™: (within the USA) 1-866-491-2197
Fax: +1-732-745-7468
John.braddock@dsm.com

www.Uvention.com

Developmental formulation and testing occurred at DSM from February 17, 2009 until direction
to stop work on September 7, 2009. Work was conducted using a Cure-Tek 400W unit, a
smaller laboratory scale version of the Cure-Tek 1200W. Stop work direction was issued after
determination that DSM Desotech did not see a viable path to achieving coatings meeting DoD
aerospace requirements based on internal test results. The results of developmental testing
conducted during this period are reported in Section 6.

5.1.2 BMS/Deft Coatings Flat Coating Internal Development

Bayer Material Science is a supplier of UV-curing resins, and Deft Coatings is an aerospace
coatings supplier who sells topcoats qualified to MIL-PRF-85285 in a variety of colors and
types. Based on the results of the screening testing described in Section 2.1.2, BMS was
subcontracted to partner with Deft Coatings for the formulation of flat black and gray coatings
meeting aerospace requirements. The intent was that Deft Coatings would serve as a supplier for
UV-curable aerospace topcoats upon completion of the effort. Address and contact information
for BMS and Deft Coatings are listed below:

Mike Gallagher

Director, Government Services Group
Bayer Material Science LLC

100 Bayer Rd.

Pittsburgh, PA 15205 USA

Office Phone: 412-777-4833

Mobile: 330-204-1334

Randy Brady

Marketing Director of Military & Entertainment
17451 Von Karman Avenue

Irvine , CA 92614 USA
www.deftfinishes.com

Phone: 1-949-474-0400
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Developmental formulation and testing began at BMS and was transferred to Deft Coatings after
substantial completion of the formulation. These activities continued from February 2009
through December 2010. Work was initially conducted using a Cure-Tek 400W unit, but the
development team at Deft Coatings switched to use of a Cure-Tek 1200. The results of
developmental testing conducted during this period are reported in Section 6.

In January 2010, the resultant coatings were submitted for JTP testing at Battelle Memorial
Laboratories, and in July 2010 an attempt was made to conduct an on-aircraft demonstration at
OO-ALC. As described in Section 6, both the JTP testing and the attempted demonstration
resulted in coating failures. From July 2010 through December 2010, Deft Coatings attempted
recovery testing to identify and correct the source of the failures. These tests and results are
reported in Section 6.

5.1.3 BMS/Deft Coatings Gloss White Coating Internal Development

Upon determination that DSM Desotech gloss white coating would be unable to satisfy
requirements, CTC sought an alternate source for UV-curable gloss white coatings which could
meet USAF, USN, and USCG needs. In late 2009 the BMS/Deft partnership proposed an effort
to formulate UV-curable coatings meeting aerospace requirements that would satisfy the gloss
white requirements for FED-STD-595C 17860 and 17925. This proposal was largely based
around using waterborne UV curable polyurethane dispersions (UV-PUD) as the basis for the
coating rather than the oligomeric UV-curable coatings used as a basis for the flat black and
grays. Because BMS would be using an off-the-shelf UV-PUD as the basis for the formulation,
the proposal was to complete formulation within a year.

Work began on January 13, 2010 and continued through December 15, 2010, when a stop-work
order was issued to BMS based on an inability to meet gloss and humidity resistance
requirements. The internal development tests over this time period are reported in Section 6.

5.14 CTC/BBM Technologies Coating Internal Development

Upon determination that neither the flat nor the gloss BMS/Deft coatings would meet
requirements, a meeting was conducted with the Pl at OO-ALC on January 25, 2011, to
determine if a viable path existed to achieving UV-curable coatings. The proposed solution was
that CTC work directly with a new coatings formulator, BBM Technologies, to attempt to create
a UV-curable coating meeting MIL-PRF-85285 performance requirements. BBM technologies
had extensive experience with creating specialty coatings for the USAF. Combined with internal
UV-curing expertise, the proposed approach was to evaluate commercially available UV-cure
resins and select the most flexible resins as the basis for the new coating.

The rationale for this “flexibility approach” was as follows:
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e UV-curable aerospace coatings previously developed had not met flexibility
requirements, and experience suggested that increasing coating flexibility causes
other properties to suffer

Addition of fillers and pigments decrease flexibility

Effort focused upon identifying extremely elastomeric resin

Resin needed to be flexible yet tough

Pencil hardness used as quick indicator of resistance properties in screening
testing

The PI and stakeholders at OO-ALC agreed to this revised approach, and the effort was
conducted from February 2011 through February 2012. The coatings entered testing at CTC’s
Johnstown, Pennsylvania facility in February 2012. Results of developmental performance
testing are reported in Section 6.

52  JTP Testing

The following sections list the materials, test procedures, and test requirements for the JTP
testing that was conducted. Test procedures previously referenced during developmental testing
can be assumed to be identical.

Note that JTP testing includes ‘Minimum Performance Criteria,” based on the requirements of
MIL-PRF-85285 Type | and ‘Optimum Performance Criteria,” based on the requirements of
Advanced Performance Coating system specification, MIL-PRF-32239. The requirements of
MIL-PRF-32239 are comparable to those of MIL-PRF-85285, Type 1V and include the extended
3000 hour artificial weathering resistance requirement. The first coatings to enter JTP testing,
the flat black and grays developed by BMS/Deft, were tested to both minimum and optimum
requirements. However developmental testing under the CTC/BBM effort showed that it would
be impossible for those coatings to meet optimum requirements. Therefore they were tested only
to the Minimum Performance Criteria developed from MIL-PRF-85285 Type I. Certain other
tests were omitted due to limited schedule and funding availability by the time CTC/BBM
coating was ready to proceed to testing. These tests will be noted where applicable.

5.2.1 Materials and Coating Application

All coatings were cured per instructions provided by the development team. All coatings were
applied using a HVLP spray system. The sample sizes, processing requirements, post-treatment,
and cutting methodology utilized during testing are discussed in the following sections.

5.2.1.1 Test Specimen Fabrication

All test specimens were fabricated from either 2024-O temper or 2024-T3 temper aluminum. All
2024-0 anodized panels were bare (unclad) and utilized for all flexibility testing (i.e., impact and
low temperature) as noted in applicable Test Methodology Sections, while the 2024-T3 bare
(unclad) panels were utilized for all other testing activities. Upon completion of fabrication, the
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test panels were labeled with specific identification markings used to facilitate the tracking of
coating test results. Panel sizes were 3”x 6” except for the reparability testing (reparability
panels were 12” x 12” 2024-T3 bare).

Each test specimen/panel was given a pre-treatment prior to coating application. The 2024-T3
panels were treated with a conversion coating conforming to MIL-C-5541, class 1A; while the
2024-0 panels were treated with chromic acid anodize in accordance to MIL-A-8625, Type 1.

Test specimens coating stack-ups were applied according to one of ten (10) processing scenarios:

1)

2)

3)

4)

5)

6)

Fed-STD-595C 36173 Flat Gray Minimum Performance Control:
a. MIL-PRF-85285D Type I qualified, flat gray 36173 solvent-borne topcoat over
b. MIL-PRF-23377 Type | Class C2 primer on
c. unclad aluminum 2024-T3 substrate treated with a conversion coating conforming
to MIL-C-5541, class 1A

Fed-STD-595C 36118 Flat Gray Minimum Performance Control:
a. MIL-PRF-85285D Type I qualified, flat gray 36173 solvent-borne topcoat over
b. MIL-PRF-23377 Type I Class C2 primer on
c. unclad aluminum 2024-T3 substrate treated with a conversion coating conforming
to MIL-C-5541, class 1A

Fed-STD-595C 37038 Flat Black Minimum Performance Control:
a. MIL-PRF-85285D Type | qualified, flat black 37308 solvent-borne topcoat over
b. MIL-PRF-23377 Type | Class C2 primer on
c. unclad aluminum 2024-T3 substrate treated with a conversion coating conforming
to MIL-C-5541, class 1A

Fed-STD-595C 36173 Flat Gray Optimum Performance Control:
a. MIL-PRF-85285 Advanced Performance Coating (APC) Type IV flat gray 36173
topcoat over
b. MIL-PRF-23377 Type | Class C2 primer on
c. unclad aluminum 2024-T3 substrate treated with a conversion coating conforming
to MIL-C-5541, class 1A

UV-cure Coating Performance Specimen (per UV-cure coating tested):
a. Candidate UV-cured topcoat over
b. MIL-PRF-23377 Type | Class C2 primer on
c. unclad aluminum 2024-T3 substrate treated with a conversion coating conforming
to MIL-C-5541, class 1A

Fed-STD-595C 36118 Flat Gray Minimum Flexibility Control
a. MIL-PRF-85285D Type | qualified, flat gray 36173 solvent-borne topcoat on
b. unclad aluminum 2024-0, chromic acid anodized in accordance to MIL-A-8625,
Type 1 (no primer)
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7) Fed-STD-595C 36173 Flat Gray Minimum Flexibility Control
a. MIL-PRF-85285D Type | qualified, flat gray 36173 solvent-borne topcoat on
b. unclad aluminum 2024-0, chromic acid anodized in accordance to MIL-A-8625,
Type 1 (no primer)

8) Fed-STD-595C 37308 Flat Black Minimum Flexibility Control
a. MIL-PRF-85285D Type I qualified, flat black 37308 solvent-borne topcoat on
b. unclad aluminum 2024-0, chromic acid anodized in accordance to MIL-A-8625,
Type 1 (no primer)

9) Fed-STD-595C 36173 Flat Gray Optimum Flexibility Control
a. MIL-PRF-85285 APC Type IV flat gray 36173 topcoat on
b. unclad aluminum 2024-0O, chromic acid anodized in accordance to MIL-A-8625,
Type 1 (no primer)

10) UV-cure Coating Flexibility Specimen (per UV-cure coating tested):
a. Candidate UV-cured topcoat on
b. unclad aluminum 2024-0, chromic acid anodized in accordance to MIL-A-8625,
Type 1 (no primer)

5.2.2 TESTING REQUIREMENTS

All testing was conducted in accordance with the documents referenced in Table 9 unless
otherwise noted in the individual test paragraph. If a deviation is made from the reference
document, then the variance will be noted in the specific test paragraph.
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Table 9. JTP Test Requirements Summary

Engineering Requirement

Minimum Performance Target

Optimum Performance Target

Tests ASTM Criteria Criteria
Appearance
Color D 2244 |Color difference (AE) of less than 1 Same.
At 60°: >90 for gloss; <5 for flat; (Flat
Gloss D523 must also be <9 at 85°) Same.
Dry Film Primer: 0.6- 0.9 mils
Thickness D 7091 Topcoat: 1.7- 2.3 mils Same.
Adhesion
D 3359, |No peel away; target rating of 4A or
Wet Tape Method A [5A Same.
D 3359, No peel away; target rating of 4B
Cross Hatch Method B None. or 5B
MEK Rub None [No substrate exposure Same.
Stencil Coat D 3359, |No peel away; target rating of 4A or Same
Adhesion Method A |5A '
Hot/Cool and | D 3359, .
Humid/Dry Cure| Method A None. No peel away; target rating of 4A
Conditions and B or 5A and 4B or 5B.
Flexibility
Low No cracking or adhesion loss over 1 N(.) cracking or adhesmn_loss over
Temperature D 522 inch bend (gloss) or 2 inch bend (flat) L inch bend (gloss) or 2 inch bend
P g (flat) before and after weathering
Minimum 60% elongation for gloss
Minimum of 40% elongation; no and 40% for flat before weathering;
GE Impact D 6905 cracking, crazing, or loss of adhesion  [Minimum 40% elongation for gloss
and 20% for flat after weathering
Resistance
Pencil Hardness | D 3363 HI?_> or harde_r; |n|t_|al hardness - data Same.
point for fluid resistance
Fluid Resistance No blistering, coating
(Lube oil, Softening no more than two (2) pencil dz:]ir;}'ﬁ::'donrgszdchhe:rzog Lﬁsror 2
hydraulic fluid, | D 3363 [hardness unit; no blistering or defects EX osure and coIorAlg <3 after
Skydrol, JP-8 | D 3359 |after exposure to lube oil, hydraulic exposure to Lube oil. hvdraulic
fuel, deionized fluid and JP-8 fuel Jo , yarauic
water) uid, Skydrol, JP-8 fuel, deionized

water.
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Table 9.

JTP test Requirements Summary (Continued)

Engineering Requirement

Minimum Performance

Optimum Performance Target

Ve UL Target Criteria Criteria
Resistance
Color change (AE) of less
Accelerated than 1 after 500 hours; Color change (AE) of less than 1 after
Weathering G 155 Minimum gloss of 90 for 3000 hours; Minimum 90 for gloss;
(Color and gloss; Minimum 15 for semi- (Minimum 15 for semi-gloss; maximum (
Gloss) gloss; maximum five (5) for |(5) for flat
flat
Color change (AE) of less Color change (AE) of less than 1 after
than 1 after exposure to 250 [exposure to 350 + 5 °F for four (4) hours.
Heat Resistance D224 [F 5°F for 60 minutes No cracking or adhe_sion loss over 1inch
bend (gloss and semi-gloss) or 2 inch
bend (flat) and after high temperature
exposure
Humidity No blistering, softening, loss
Resistance D 2247 of adhesion or other defects. Same.
Cleanability D 2244  |Cleaning Efficiency > 75% Same.
No blisters or undercutting from the
Salt Spray B 117 None. scribe; no discoloration in the scribe and
no pitting in the scribe
Reparability
Scuff sand and D 3359 No peel away; target rating
overcoat Wet ’ of 4A or 5A Same.
Method A
Tape
Scuff sand and D 3359 No peel away; target rating
overcoat Cross ~|of 4B or 5B Same.
Method B
Hatch
Stripability
Che_:mlcal None. None. Removal of the coating to the substrate
Strippers
Dry M'edla None. None. Removal of the coating to the substrate
(blasting)
Laser None. None Removal of the coating to the substrate
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5.2.3 TEST DESCRIPTIONS

Performance requirements and test methods are defined in this section.  Specific test
descriptions, rationales and methodologies are described along with any major or unique
equipment or instrumentation utilized for testing. The test methodology includes the definition
of test parameters and conditions and acceptance criteria. The test methods represent acceptable
procedures to define a performance requirement or to differentiate performance characteristics
between different coatings.

5.2.3.1 Appearance Tests
5.2.3.1.1 Color

Test Description

The test was conducted in accordance with ASTM D 2244, Standard Practice Calculation of
Color Tolerances and Color Differences from Instrumentally Measured Color Coordinates.
Three (3) test specimens per candidate coating were subjected to a color analysis using a
colorimeter. The test specimens were matched against the relevant color from FED-STD-595. A
reading was taken on three different places on the sample. Standard acceptance criteria for this
evaluation are as follows:

Test Methodology

Parameters Color analysis using a colorimeter
Number of Panels® Three (3) of each stack-up utilized in test.
Trials Per Panel Three (3)

No more than 1.0 AE using CIE LAB method from the relevant

Target Criteria FED-STD-595 color.

Unique Equipment and Instrumentation
Colorimeter

Deviation from Test Methodology
None

5.2.3.1.2 Gloss

Test Description
This test covers the measurement of the specular gloss of nonmetallic specimens for glossmeter

geometries of 60° and 85° in accordance with ASTM D 523, Standard Test Method for Specular
Gloss. A glossmeter capable of reading at 60° and 85° was calibrated using a National Institute

Z Test is non-destructive; panels may be reused for other tests.
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of Standards and Technology (NIST) traceable standard. The instrument was then placed on the
sample. A reading was taken on three different places on the sample. Standard acceptance
criteria for this evaluation are as follows:

Test Methodology

Gloss | Flat
Parameters Gloss reading using gloss meter at 60° and 85°
Numb%r of Three (3) of each stack-up utilized in test.
Panels
Trials Per Panel | Three (3) | Three (3)

Target Criteria Gloss: > 90 at 60°
Flat: <5 at 60° and <9 at 85°

Unique Equipment and Instrumentation
Glossmeter capable of 60° and 85°

Deviation from Test Methodology
None

5.2.3.1.3 Dry Film Thickness

Test Description

Dry film thickness analysis was performed using eddy current. The test was conducted in
accordance with ASTM D 7091, Standard Practice for Nondestructive Measurement of Dry Film
Thickness of Nonmagnetic Coatings Applied to Ferrous Metals and Nonmagnetic,
Nonconductive Coatings Applied to Non-Ferrous Metals. Three or more thickness readings, per
ASTM D 7091, Section 8.3, were taken along the length of each test panel with the average dry
film thickness reported.

Test Methodology

Three or more thickness readings taken along
length of each test panel with eddy current gauge

Number of Panels® | All panels

Parameters

Trials Per Panel Three (3)
The formulation team recommended optimum
Target Criteria coating thickness or a coating within the ranges

specified in Table 9.

® Test is non-destructive; panels may be reused for other tests.
* Test is non-destructive; panels may be reused for other tests.
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Unique Equipment and Instrumentation
Eddy current gauge

Deviation from Test Methodology
None

5.2.3.2 Adhesion Tests
5.2.3.2.1 Wet Tape Adhesion

Test Description

This test method covers a procedure for establishing acceptability of intercoat and surface
adhesion of an organic coating by immersing the coating in water and applying pressure sensitive
tape over a scribed area of the coating in accordance with ASTM D 3359, Method A, Standard
Test Method for Measuring Adhesion by Tape Test. A coated specimen is soaked in distilled
water for 24 hours. Two parallel lines one inch apart are then scribed on the test panel. An “x”
is then scribed across the two parallel lines so that the smaller angle of the “x” is about 35° to
45°. All scribing shall be done with a diamond tip scriber or equivalent. The coating shall be
scribed all the way to the substrate. A piece of 3M 250 tape (or equivalent) is placed over the
incision and smoothed out. The tape is then removed rapidly at a 180° angle. The scribe area is
inspected for peel away.

Test Methodology

Parameters 24 hours distilled water

Number of Panels Three (3) of each stack-up utilized in test.
Trials Per Panel One (1)

Target Criteria No peel away; target rating of 4A or 5A

Unique Equipment and Instrumentation
e 1” masking tape code 3M 250 (or equivalent)
e 451b. roller

Deviation from Test Methodology
None

5.2.3.2.2 Cross Hatch Adhesion

Test Description

This test method covers a procedure for establishing acceptability of intercoat and surface
adhesion of an organic coating applying pressure sensitive tape over a scribed area of the coating
in accordance with ASTM D 3359, Method B, Standard Test Method for Measuring Adhesion by
Tape Test. A lattice pattern of either six or eleven cuts, depending on coating thickness, in each
direction is made in the coating. All scribing shall be done with a cross-hatch scriber. The
coating shall be scribed all the way to the substrate. A piece of 3M 250 tape (or equivalent) is

41
DISTRIBUTION A: Approved for public release; distribution unlimited.

PA Release #: 88ABW-2014-5955



placed over the incision and smoothed out. The tape is then removed rapidly at a 180° angle.
The scribe area is inspected for peel away.

Test Methodology

Number of cuts depending on dry film thickness
e Thickness up to and including 2 mils, 11 cuts in both directions;
Parameters spaced 1 millimeter (mm) apart
e Thickness of 2-5 mils, 6 cuts in both directions; spaced 2 mm
apart
Number of | Three (3) of each stack-up utilized in test.
Panels
Trials Per One (1)
Panel
Target No peel away; target rating of 4B or 5B
Criteria

Unique Equipment and Instrumentation
e Cross hatch scriber
e 17 masking tape conforming to 3M 250 (or equivalent)
e 45Ib. roller

Deviation from Test Methodology
None

5.2.3.2.3 MEKRub

Test Description

One panel for each coating was tested after cure using the solvent resistance test specified in
MIL-PRF-85285D (paragraph 3.8.5). The requirement was to withstand 25 double rubs (50
passes) with a cotton terrycloth rag soaked with methyl ethyl ketone (MEK) solvent using firm
finger pressure. Exposure of the primer indicated improper cure.

Test Methodology

Parameters 25 double rubs

Number of Panels | Three (3) of each stack-up utilized in test.
Trials Per Panel One (1)

Target Criteria No exposure of primer.

Unique Equipment and Instrumentation
e None

Deviation from Test Methodology
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None

5.2.3.2.4 Stencil Coat Adhesion

Test Description

The test determined the ability of UV-curable coatings to adhere to standard MIL-PRF-85285
topcoat or to an APC-qualified MIL-PRF-85285 topcoat when utilized as a stencil coating. Six
panels of the stack-up 36173 Flat Gray Minimum Performance Control and six panels of the
stack-up 36173 Flat Gray Optimum Performance Control were utilized for each UV-curable
coating being tested. The most common method of surface preparation for stencil coating is light
sanding, which was used for this test.

Test Methodology

Parameters See text

Number of Panels | Six (6) each of:

e 36173 Flat Gray Minimum Performance Control (per
UV-cure coating tested)

e 36173 Flat Gray Optimum Performance Control (per
UV-cure coating tested)

Trials Per Panel One (1) per panel

Target Criteria No peel away; target rating of 4A or 5A

Unique Equipment and Instrumentation
e See Sectionb5.2.3.2.1and 5.2.3.2.2

Each panel was lightly sanded with 320 grit sandpaper. After sanding, the panels were wiped
with a rag wet with suitable solvent to remove dust and debris. The UV-curable coating being
tested was then sprayed and applied to the activated topcoat surface of each panel and then cured
as per established UV cure procedure. The panels were then tested for adhesion.

Deviation from Test Methodology

For JTP testing conducted on the CTC/BBM developed coating samples, one 36173 Flat Gray
Minimum Performance Control and one 36118 Flat Gray Minimum Performance Control were
utilized due to material limitations. However, these panels were 12 inch by 12 inch and multiple
adhesion trials conducted on the surface of each panel. In addition, state-of cure was determined
by pencil hardness and MEK rub rather than adhesion testing.

5.2.3.25 UV-Curable Coating Cure Conditions

Test Description
To validate cure capability in less than favorable conditions, for each UV-curable topcoat one set
of three (3) panels were cured at the following environmental conditions:
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77° = 5° Fahrenheit (°F) / 50 £ 5% Relative Humidity (RH) (control temperature)
90° £ 5°F / 80% + 5% RH (hot/wet)

90° £ 5° /20% £ 5% RH (hot/dry)

60°+ 5 °F / 80% + 5% RH (cold/wet)

60° £ 5°F / 20% + 5% RH (cold/dry)

Each panel was subjected to wet tape and cross hatch adhesion testing.

Deviation from Test Methodology

For JTP testing conducted on coating samples developed by the CTC/BBM, this coating cure
condition testing was not conducted. Testing was excluded due to lack of an available
environmental chamber large enough for coating cure.

5.2.3.3 Flexibility Tests
5.2.3.3.1 Low Temperature Mandrel Bend

Test Description

Low temperature flexibility is determined by use of a mandrel in accordance with ASTM D 522,
Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings. A coated panel is
placed in a test chamber at the specified temperature and length of time. The mandrel is placed
in the chamber with the test panels. Upon completion of the specified exposure time the test
panel is immediately bent over the mandrel (coating side of test panel is up; non-coated side is
against the mandrel). Bending of the test panel over the mandrel should be completed within the
test chamber to prevent change in panel and mandrel temperature. The panel is then inspected
for cracking and adhesion loss.

Test Methodology

Low Temperature
At -51 £ 3°C (-60 + 5°F), for 12 — 26 hours.
Parameters High and semi-gloss use 1”mandrel;
Flat use 2”mandrel.

Number of
Panels
Trials Per Panel | One (1)

Target Criteria | No cracking or adhesion loss

Three (3) of each stack-up utilized in test.

Unique Equipment and Instrumentation
1 inch and/or 2 inch mandrel.

Deviation from Test Methodology
None
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5.2.3.3.2 GE Impact

Test Description

Per ASTM D 6905, Standard Test Method for Impact Flexibility of Organic Coating, the GE
Impact analysis procedure is used for determining the ability of a coating film and its substrate to
resist shattering, cracking, or chipping when the film and the substrate are distended beyond their
original form by impact. A coated panel is placed coated side down in the testing apparatus. A
GE impact indenter is dropped from a measured height such that the full impression of the
indenter is obtained. The full impression of the indenter must be made in the panel in order for
the test to be valid. The panel is then inspected with 10-power magnification for cracks, crazing
or loss of adhesion where the impact occurred. Topcoat, candidate coatings should exhibit no
cracking, crazing, loss of adhesion, or other coating damage at 40% elongation.

Test Methodology

Parameters 21 +5°C (70 = 10°F)
Number of Panels Three (3) of each stack-up utilized in test.
Trials Per Panel One (1)
40% elongation for aircraft use and 5% elongation for
Minimum Target Criteria Ground Support Equipment; no cracking, crazing, or loss
of adhesion.
. o Minimum 60% elongation for gloss and semi-gloss and
Optimum Target Criteria 40% for flat

Unique Equipment and Instrumentation
IM-172-GE Impact Tester

Deviation from Test Methodology
None

5.2.3.4 Resistance Tests
5.2.3.4.1 Pencil Hardness

Test Description

Pencil Hardness is used to determine the hardness of an organic coating on a substrate. Testing
will be conducted in accordance with ASTM D 3363, Standard Test Methods for Film Hardness
by Pencil Test. A coated test panel is placed on a firm horizontal surface. The pencil is held
firmly against the film at a 45° angle (point away from the operator) and pushed away from the
operator in a 6.5 mm (1/4 inch) stroke. Testing starts with the hardest pencil and continues down
the scale of hardness until the pencil that will not scratch the film is identified.
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Test Methodology

Scratch Hardness — The hardest pencil that will not rupture or
scratch the candidate coating

Number of Panels | Three (3) of each stack-up utilized in test.

Trials Per Panel Two (2)

B or harder; not to be used as pass/fail criteria but to establish
initial hardness data point for fluid resistance evaluation

Parameters

Target Criteria

Unique Equipment and Instrumentation
None

Deviation from Test Methodology
None

5.2.3.4.2 Fluid Resistance — Lubricating Oil, Hydraulic Fluid, JP-8, Skydrol, Deionized
Water

Test Description

This test method covers the determination of the effects of six fluids on organic finishes resulting
in any objectionable alteration in the surface such as discoloration, change in gloss, blistering,
softening, swelling, loss of adhesion, or other special conditions. The minimum requirements
were exposure to lubricating oil conforming to MIL-PRF-23699, 24 hour exposure to hydraulic
fluid conforming to MIL-PRF-83282, and 7 day exposure to JP-8 fuel. The optimal
requirements were for exposure to lubricating oil conforming to MIL-PRF-7808, 7 day exposure
to hydraulic fluid conforming to MIL-PRF-83282, 30 days exposure to JP-8, exposure to
deionized water, and exposure to Skydrol LD-4.

Expose a separate set of three test panels to each of the following fluids at the designated
conditions:

a. MIL-PRF-23699 (specifically Mobil Jet 254) and MIL-PRF-7808 — Prepare one set
of three test panels for each lubricant. Prior to exposure, measure the color of three
panels, and then completely immerse them for 24 hours @ 25045 °F (121+3 °C).

Note: MIL-PRF-7808 was tested at the request of OO-ALC. Mobil Jet 254 was used
as the specific MIL-PRF-23699 qualified oil at the request of the United States Coast
Guard, Elizabeth City Aviation Logistics Center.

b. MIL-PRF-83282 — Prepare two sets of three test panels each. Prior to exposure,
measure the color of panels. To test for target criteria, completely immerse one set of
three test panels for 24 hours @ 150+5 °F (65.6+3 °C). To test for optimum target
criteria, completely immerse one set of three test panels for seven (7) days @ 150+5
°F (65.6+3 °C).

c. Jet Fuel JP-8 +100 — Prepare two sets of three test panels each. Prior to exposure,
measure the color of panels. To test for target criteria, completely immerse one set of
three test panels for Seven (7) days @ 77+5 °F (253 °C). To test for optimum target
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criteria, completely immerse one set of three test panels for 30 days @ 77+5 °F (25+3
°C).

d. Deionized Water (ASTM D 1193 Type IV) — Prior to exposure, measure the color of
three panels in, and then completely immerse them for 30 days @ 12045 °F (49+3 °C)

e. Skydrol LD-4 — Prior to exposure, measure the color of three panels, then scribe three
additional panels with a 4+ 0.125 inch diagonal line, and then place the six panels in a
horizontal position coating side up in a test area maintained at 77+ 5 °F (25+3 °C).
Using Skydrol LD-4 at 775 °F (253 °C), wet the six panels once each day (no
immersion) for 30 days.

After each exposure, remove the panels, and immediately evaluate for blistering and film
delamination. After evaluation, gently clean the MIL-PRF-23699, MIL-PRF-83282, Jet Fuel,
and the unscribed Skydrol LD-4 panels with the coating system cleaner, and rinse thoroughly
with water. Blot the panels dry and allow to air dry for 1-hour, and then measure the final color.
After the color measurement has been made, test for the final adhesion and hardness. Compare
the average of the initial values with the average of the final values to assess compliance.

Test Methodology

Lubricating oil (24 hours immersion) maintained at 250 + 5 °F
(121 + 3 °C); hydraulic fluid (24 hours target, seven (7) days
optimum immersion) maintained at 66 + 3 °C (150 + 5 °F); JP-8
Parameters (seven (7) days target, 30 days optimum immersion) maintained
at 25+ 3 °C (77 £ 5 °F); deionized water (30 days immersion)
maintained at 25 £ 3 °C (77 + 5 °F); Skydrol (wet once each day
for 30 days; no immersion) maintained at 25 + 3 °C (77 £ 5 °F)
Number of Panels | Twenty-seven (27) of each coating stack-up tested.

Trials Per Panel | One (1) (of each test)

Softening of no more than two (2) pencil hardness units or color
change (AE) of < three (3) for: lubricating oil (24 hours
immersion), hydraulic fluid (24 hours immersion), or JP-8 (seven
{7} days immersion)

Softening of no more than two (2) pencil hardness units, no peel
away from scribe for Skydrol panels, and color change (AE) of <3
for: lubricating oil (24 hours immersion), hydraulic fluid (seven
{7} days immersion), or JP-8 (30 days immersion); Skydrol (wet
each day 30 days), and deionized water (30 days immersion)

Target Criteria

Optimum Target
Criteria

Unique Equipment and Instrumentation
Fluids as noted.
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Deviation from Test Methodology

For JTP testing conducted on coating samples developed by the CTC/BBM, only the three
minimum target criteria tests were conducted.

5.2.3.4.3 Accelerated Weathering

Test Description

This test method covers the ability of a coated sample to withstand accelerated weathering in a

weatherometer chamber when tested in accordance with ASTM G 155, Standard Practice for
Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials.

performance samples of each type were exposed for a minimum performance criteria test of
500 hours and an optimal performance criteria test of 3,000 hours, with color and gloss
differences checked every 500 hours.

As an optimal criteria test, at the conclusion of 500 hours the Low Temperature Flexibility and
GE Impact Flexibility of the coatings were tested for three flexibility panels of each type. At the
conclusion of 3,000 hours, the Low Temperature Flexibility and GE Impact Flexibility of the
coatings were tested for three flexibility panels of each type.

Test Methodology

0.35 — 0.5 Watts/m” a wavelength of 340 nm; Incident for 500

Parameters hours (minimum) to 3,000 hours (maximum)
Three (3) each color/gloss panels of each coating stack-up tested.
—FEZE:IQ Number of Twelve (12) flexibility panels of each coating stack-up tested

(optimal requirements testing only).

Trials Per Panel

Three (3) of each color/gloss test.
One (1) of each flexibility test

Minimum Target
Criteria

Performance (2024-T3) panels: Color change (AE) of less than 1;
Minimum gloss readings of 80 for “gloss”; max. 5 for “flat” after
500 hours

Optimum Target
Criteria

Performance (2024-T3): Color change (AE) of less than 1;
Minimum gloss readings of 90 for “gloss”; maximum five (5) for
“flat” after 3000 hours

Flexibility (2024-0) panels: Low Temperature Flexibility: No
cracking or adhesion loss over 1-inch bend for gloss and semi-
gloss or 2-inch bend for flat coatings after 500 hours

Flexibility (2024-0): GE Impact Flexibility: 40% elongation for
gloss or 20% for flat colors; no cracking, crazing, or loss of
adhesion after 500 hours.

Flexibility (2024-0) panels: Low Temperature Flexibility: No
cracking or adhesion loss over 1 inch bend for gloss or 2 inch bend
for flat coatings after 3000 hours

Flexibility (2024-0) panels: GE Impact Flexibility: 40%
elongation for gloss or 20% for flat colors; no cracking, crazing, or
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loss of adhesion after 3000 hours.

Unique Equipment and Instrumentation
Xenon Arc Weatherometer

Deviation from Test Methodology
For JTP testing conducted on coating samples developed by CTC/BBM, only the three minimum
target criteria tests were conducted.

5.2.3.4.4 Heat Resistance

Test Description

This test method determines the ability of coatings to resist exposure to high temperatures
without color change, loss of adhesion or loss of flexibility. Minimum target criteria requires
coated panel be exposed to 121 + 3 °C (250 £ 5 °F) for no less than 60 minutes in accordance
with FED STD 141, method 6051. After exposure, the panel will be tested for color change as
per the methodology specified in 4.1.1. Optimum target criteria requires the coated panel be
exposed to 176.5 + 3 °C (350 + 5 °F) for no less than 4 hours in accordance with FED STD 141,
method 6051. After exposure, the panel will be tested for color change, adhesion and low
temperature flexibility.

Test Methodology

Exposure to 250 £ 5 °F (121 + 3 °C) for no less than 60
minutes in accordance with FED STD 141, method 6051.
Number of Panels | Three (3) of each coating stack-up tested for minimum target
criteria.

Six (6) of each coating stack-up tested (including three
flexibility test panels) for optimum target criteria.

Trials Per Panel One (1)

Minimum Target | AE of less than 1 after exposure to 250 + 5 °F (121 + 3 °C) for

Parameters

Criteria no less than 60 minutes
Optimum Target | Color Change: AE of less than 1 after exposure to 350 + 5 °F
Criteria (176.5 £ 3 °C) for no less than 4 hours.

Cross Hatch Adhesion: rating of 4A or higher

Flexibility: No cracking or adhesion loss over 1 inch bend for
gloss and semi-gloss or 2 inch bend for flat coatings

Unique Equipment and Instrumentation
Oven capable of reaching 350° F (180 °C)

Deviation from Test Methodology
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For JTP testing conducted on coating samples developed by CTC/BBM, only the minimum
target criteria tests were conducted.

5.2.3.45 Humidity Resistance

Test Description

This test method covers the ability of a coated sample to withstand exposure to high humidity
when tested in accordance with ASTM D 2247, Standard Practice for Testing Water Resistance
of Coatings in 100 % Relative Humidity. The samples are exposed for 30 days in a humidity
cabinet maintained at 120 £ 3 °F (49 £ 2 °C) and 100% RH. After exposure the samples are
evaluated for blistering, softening, loss of adhesion or other coating defects

Test Methodology

Exposure for 30 days in a humidity cabinet maintained at 120
+ 3 °F (49 = 2 °C) and 100% relative humidity (RH)

Number of Panels | Three (3) of each coating stack-up tested.

Trials Per Panel One (1)

Target Criteria No blistering, softening, loss of adhesion or other coating
defects

Parameters

Deviation from Test Methodology
None.

Unique Equipment and Instrumentation
Humidity cabinet.

5.2.3.4.6 Cleanability

Test Description

This test method determines the ability of coatings to maintain a cleaning efficiency of not less
than 75%. The three test panels must be first soiled then cleaned, according to the following
procedure. Note that this test is applicable only to non-black panels. Black color coatings were
not tested. Test steps are as follows.

A. Preparation of artificial soil

50.0 +0.5¢g of carbon black and 500.0 +1.0g of hydraulic fluid (MIL-PRF-83282) are placed in a
container. The soil is homogenized using a high shear mixer for 15 £1 minutes, followed by
stirring or shaking the mixture by hand.

B. Preparation of test panels

Using a clean, hog bristle brush, the coating of each test panel is lightly scrubbed with a 1.0%
(by weight) solution of Alconox detergent, or equivalent, in reagent water. Each panel is rinsed
thoroughly three times with reagent water and dried for no less than18 hours at 120 +4 °F (49 +2
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°C). Using the methodology outlined in section 4.1.1, the color value of the clean panel is
verified and designated value "A."

C. Soiling of test panels

Using a soft-bristle brush, the painted surfaces of the test panels are coated with the prepared
soil. Excess soil is removed by covering the test panel surface with folded absorbent tissue and
exerting pressure by rolling the tissue with a five (5) pound rubber roller. This blotting
procedure is repeated twice. The soiled surface is brushed parallel to the long dimension of the
test panels, using ten (10) brush strokes in each direction. The test panels are baked at 220 +4 °F
(105 £2 °C) for 60 1 minutes. Determine the L value of the coating in accordance with ASTM
D2244. Using the methodology outlined in section 4.1.1, the color value of the cleaned panels is
verified and designated value “B.”

D. Cleaning

Within 4 hours of soiling the test panels, the cleanability test as specified in MIL-PRF-85570, is
conducted using the type Il control formulation. The Type Il cleaning formulation is prepared by
diluting one (1) part cleaner on the MIL-PRF-85570 Qualified Products List (QPL) with 14 parts
water and then scrubbed with a brush until visual evaluation suggests the artificial soil is no
longer being removed. Using the methodology outlined in section 4.1.1, the color value of the
cleaned panels is verified and designated value “C.”

E. Calculation
The cleaning efficiency achieved on each test panel is calculated as follows:
Cleaning efficiency (%) = [(C - B) + (A - B)] x 100

Test Methodology

Parameters See text.

Type / Number of Three of each coating stack-up tested.
Panels

Trials Per Panel One (1)

Acceptance Criteria | Cleaning efficiency of 75% or greater.

Deviation from Test Methodology
None.

Unique Equipment and Instrumentation
None.

5.2.3.4.7 Salt Spray Test

Test Description

This method covers the establishment of the required conditions of the salt spray test in which
test specimens are placed in a controlled corrosive heated environment for a specified length of
time in accordance with ASTM B-117, Standard Practice for Operating Salt Fog Apparatus. A
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coated panel is scribed with an “x” using a diamond tip scriber or equivalent in order to achieve a
scribe 20 to 40 mils wide and 4 to 6 mils deep into the surface of the substrate. The back and
edges of the panel are covered with wax, paint, tape, or any other material that will prevent
corrosion products from contaminating the chamber. The panels are placed in the salt spray
chamber at a 15° to 30° angle from the vertical. The salt solution is verified to be 5% +/- 1% and
pH is verified to be 6.5 to 7.2 at 35° C. The chamber is closed and the specimens are evaluated
for surface corrosion and creepage from scribe every 500 hrs.

This test is normally only performed on primers and was requested by USN stakeholders. For
this reason, it was considered an optimum performance criteria test.

Test Methodology

Parameters 5% salt solution/2,000 hours
Number of
Panels
Trials Per Panels | One (1)

No blisters or undercutting from the scribe; no discoloration in
the scribe and no pitting in the scribe

Three (3) of each coating stack-up tested.

Target Criteria

Deviation from Test Methodology
As an optimum performance criteria test, salt spray corrosion testing was not performed on
coating samples developed by the CTC/BBM.

Unique Equipment and Instrumentation
Salt fog cabinet

5.2.3.5 Repairability

Test Description
This test is not required under any mil-spec, but was conducted as an optimum performance
criteria test in anticipation of supporting a successful transition.

The method determines the ability of UV-curable coatings to adhere to itself, to standard MIL-
PRF-85285 topcoat, or to an APC-qualified MIL-PRF-85285 topcoat during standard repair
scenarios. Panels of size 12” by 12” by .032” were utilized in this test. For each candidate UV-
curable coating, the following five scenarios were tested:

1) UV-curable used to repair weathered MIL-PRF-85285 topcoat

A 12”7 x 12” panel of 36173 Flat Gray Minimum Performance Control stack-up is subjected
to accelerated weathering for 500 hours. The panel is scuff-sanded to activate the topcoat.
The coating is divided up into two halves. On one half, the UV-curable candidate coating is
applied. On the other half, a light spray of the MIL-PRF-23377 primer is applied and
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allowed to cure a minimum of four (4) hours, and the side is then coated and cured with the
UV-curable candidate coating. A wet tape adhesion and cross hatch adhesion test are
conducted on each side of the coating. Figure 12 lays out the coating and test pattern.

6 inches 6 inches

————— >

> X

wet tape wet tape
scuff/sand scuff/sand
only and prime
Cross Cross

Figure 12. Coating and Test Diagram

2) UV-curable used to repair weathered APC-qualified MIL-PRF-85285 system

A 12”7 x 12” panel of 36173 Flat Gray Optimum Performance Control stack-up is subjected
to accelerated weathering for 500 hours. The panel is scuff-sanded to activate the topcoat.
The coating is divided up into two halves. On one half, the UV-curable candidate coating is
applied. On the other half, a light spray of the MIL-PRF-23377 primer is applied and
allowed to cure a minimum of four (4) hours, and the side is then coated and cured with the
UV-curable candidate coating. A wet tape adhesion and cross hatch adhesion test are
conducted on each side of the coating.

3) UV-curable used to repair weathered UV-cure coating system

A 127 x 12” panel of UV-Cure Performance Specimen stack-up is subjected to accelerated
weathering for 500 hours. The panel is scuff-sanded to activate the topcoat. The coating is
divided up into two halves. On one half, the UV-curable candidate coating is applied. On
the other half, a light spray of the MIL-PRF-23377 primer is applied and allowed to cure a
minimum of four (4) hours, and the side is then coated and cured with the UV-curable
candidate coating. A wet tape adhesion and cross hatch adhesion test are conducted on each
side of the coating.

4) MIL-PRF-85285 topcoat used to repair weathered UV-cure coating system

A 12” x 12” panel of UV-Cure Performance Specimen stack-up is subjected to accelerated
weathering for 500 hours. The panel is scuff-sanded to activate the topcoat. The coating is
divided up into two halves. On one half, the 36173 Flat Gray MIL-PRF-85285 topcoat is
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applied. On the other half, a light spray of the MIL-PRF-23377 primer is applied and
allowed to cure a minimum of four (4) hours, and the side is then coated and cured with the
36173 Flat Gray MIL-PRF-85285 topcoat. A wet tape adhesion and cross hatch adhesion
test are conducted on each side of the coating.

5) APC MIL-PRF-85285 topcoat used to repair weathered UV-cure coating system

A 127 x 12” panel of UV-Cure Performance Specimen stack-up is subjected to accelerated
weathering for 500 hours. The panel is scuff-sanded to activate the topcoat. The coating is
divided up into two halves. On one half, the 36173 Flat Gray APC-qualified MIL-PRF-
85285 topcoat is applied. On the other half, a light spray of the MIL-PRF-23377 primer is
applied and allowed to cure a minimum of four (4) hours, and the side is then coated and
cured with the 36173 Flat Gray APC-qualified MIL-PRF-85285 topcoat. A wet tape
adhesion and cross hatch adhesion test are then being conducted on each side of the coating.

Test Methodology

Parameters See text
Per candidate UV-curable coating tested, one (1) 12” x 12” panel
each of:
e 36173 Flat Gray Minimum Performance Control
e 36173 Flat Gray Optimum Performance Control
Per candidate UV-curable coating tested, three (3) 12” x 12”
panels each of:
e UV-cure Coating Performance Specimen
Trials Per Panels One (1)
Target Criteria No peel away; target rating of 4A or 5A

Number of
Panels

Repair of the Panel
Apply the repair coating to achieve a 3-5 mil dry film thickness of reapplied coating.

Deviation from Test Methodology
As an optimum performance criteria test, repairability testing was not performed on coating
samples developed by the CTC/BBM.

Unique Equipment and Instrumentation
None

5.2.3.6 Stripability

Stripability testing is not required under any mil-spec, but was conducted as an optimum
performance criteria test in anticipation of supporting a successful transition.
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5.2.3.6.1 Chemical Removers

Test Description

This test method covers a procedure for establishing acceptability of chemical paint removers to
remove the UV-cured and standard coating system. One type of stripper used was identified by
OO-ALC. Elizabeth City Aviation Logistics Center identified a second stripper, RemovAIl™
Epoxy and Polyurethane Paint Remover manufactured by Napier Environmental Technologies.

Test Methodology

Parameters Processed in accordance with CLG-LP-043-Rev 00

Number of Panels | Three for each coating stack-up tested.
Trials Per Panel One (1)
Target Criteria Complete removal of coating

Unique Equipment and Instrumentation

Test panel support rack designed to hold the test panels at a 60° + 5° angle.

Paraffin wax or aluminum tape to seal edges of test panels

Stiff bristled brush for scrubbing panels after stripper exposure.

1000-milliter glass beakers (or other glass containers for securing panels in the oven)
Glass rods to separate panels within the beakers during oven exposure.

5.2.3.6.2 Blast Media Removers

Test Description

This test method covers a procedure for establishing acceptability of dry media blasting to
remove the UV-cured and standard coating system. Nozzle pressure will be 50 pounds per
square inch (psi) or below using a 0.5-inch inside diameter nozzle, a venturi type nozzle is
preferable. The test panel is placed in a cabinet blaster; standoff distance is 8-12 inches with an
angle of attack of 30°to 60°. The time required to remove the coating to the substrate is
recorded.

Test Methodology

Parameters 0.05 blast nozzle, < 50 PSI, 30° to 60° blast angle

Number of Panels | Three for each coating stack-up tested.
Trials Per Panel One (1)
Target Criteria Complete removal of coating; no visible damage to substrate

Unique Equipment and Instrumentation
e Blast cabinet with 0.5-inch hose and 0.5-inch blast nozzle
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5.2.3.6.3 Laser Coating Removal System

Test Description

This test method covers a procedure for establishing acceptability of a laser system to remove the
UV-cured and standard coating system. Panels were stripped using a prototype 6000W fiber
laser system for aircraft laser coating removal system in Johnstown, Pennsylvania. The time
required to remove the coating to the substrate was recorded.

Test Methodology

Parameters 6000W fiber laser system

Number of Panels | Three for each coating stack-up tested.

Trials Per Panel One (1)

Target Criteria Complete removal of coating; no visible damage to substrate

Unique Equipment and Instrumentation
« Laser coating removal system

5.3 Field Testing

No field testing was carried out under this effort. Two attempts were made to carry out
application trials at OO-ALC. In both attempts, a successful cure was not achieved on-site and
no detailed observations could be collected. Section 6 will describe the results of these
attempted application trials.
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6.0 PERFORMANCE ASSESSMENT
6.1 DSM Desotech Gloss White Performance Results

It was known from the screening testing described in Section 2.2.1 that the available gloss white
coatings were not as far advanced towards meeting DoD aerospace requirements as the flat black
and that this was the riskier of the two development efforts. Of the two gloss white coatings
submitted, the DSM Desotech coating was judged to be superior due to its superior adhesion as
compared to the Red Spot Coating, which was unable to demonstrate either wet tape or cross
hatch adhesion. BMS might potentially have formulated gloss white as well as flat black and
gray colors, but this option was not initially pursued for two reasons:

e The performance differences between the flat gray and gloss white coatings submitted by
both DSM Desotech and Red Spot indicated that gloss white was a substantially different
coating problem as compared to flat colors. No testing had been done on any effort by
BMS to produce UVA cure gloss coatings.

e Asking BMS to formulate a gloss white would require splitting the efforts of BMS’s
internal development team between two different product types.

As of the end of the screening testing, the DSM Desotech coating failed to meet the following
requirements:

e Gloss (did not meet initial 90 at 60 degrees requirement)

e Adhesion (marginal failure on cross hatch)

e Weathering (color change over delta 1; but gloss loss <10 at 500 hours)

e GE Impact Flexibility (no UV-curable coating met this requirement)

e Heat resistance (color change over 3 at 1 hr)

e Opacity (coating was translucent; primer partially visible)

e Fluid resistance (color change only; no adhesion loss for most fluids)

DSM was provided a copy of the JTP and MIL-PRF-85285 detailing exactly what requirements
its coating would be expected to meet. DSM laboratory work began on February 17, 2009, and
progress by DSM was tracked through semi-regular teleconferences and monthly reports. A
month-by-month account of DSM’s efforts is in Appendix C, DSM Desotech Month by Month
Progress.

As of July 2009, DSM was still failing to achieve improvements in adhesion. In addition,
DSM’s initial weathering testing on their most promising coatings showed a catastrophic failure
to retain gloss in weathering resistance testing.

A teleconference was held on August 10, 2009, with DSM Desotech to determine if a viable path
forward existed to meet DoD aerospace coating requirements. Given the failure to make
progress towards improving coating to meet performance properties, the gloss white effort with
DSM Desotech was formally terminated on September 7, 20009.
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6.2

BMS/Deft Flat Coating Performance Results

As discussed in Section 2.2.1, the BMS/Deft UV-curable black coating identified by the
manufacturer as “Deft 21BK001” successfully achieved most aerospace requirements during
screening testing conducted by the CTIO in early 2008. BMS was contracted to optimize this
coating beginning in February 2009. Table 10 summarizes a detailed write-up given to BMS
evaluating the performance of 21BKO001 and discussing where improvements were required to
meet USAF needs based on the requirements of the JTP.

Table 10. Improvements Requested to 21BK001

Property Tested Deft 21BK001 (Black 370938) Requirement given to BMS
FED-STD-595 chip for | AE of 3.5 from color chip Needs closer match, also looking
37038 Black for match to gray colors
comparison

Gloss at 60° & 85°

6.3 @ 60°; 38.4 @ 85°

Needs to be <5 @ 60°; <9 @ 85°

Adhesion /Pencil
hardness

5A (wet tape); 5B (crosshatch); F
hardness

Pass, coating performs well.

Low Temp & GE
Impact Flexibility

Pass low temp; 2% GE Impact
Flexibility

2% is too low; goal is 40%

Lube Oil Resistance

Hardness F drops to HB; Adhesion
5A/5B; 0.2 AE color change; no
blistering

Pass, coating performs well.

Hydraulic Fluid
Resistance (24 Hr.)

Hardness F drops to HB; Adhesion
5A/5B; no blistering

Pass, coating performs well.

Hydraulic Fluid
Resistance (7 day)

Hardness stays at F; Adhesion
5A/5B; 0.1 AE color change; no
blistering

Pass, coating performs well.

Jet Fuel Resistance
(7 day)

Hardness F drops to HB; Adhesion
5A/5B; no blistering

Pass, coating performs well.

Jet Fuel Resistance
(30 day)

Hardness F drops to HB; Adhesion
5A/5B; 0.1 AE color change; no
blistering

Pass, coating performs well.

Skydrol Resistance
(30 day)

Hardness F drops to HB; Adhesion
5A/5B; 0.6 AE color change; no
blistering

Pass, coating performs well.

Deionized Water
Resistance (30 day)

Hardness F drops to HB; Adhesion
5A/5B; 0.4 AE color change; no
blistering

Pass, coating performs well.

Heat Resistance

AE Color 0.1 @ 1hr 250; 0.4 @
4hr 350; Adhesion 5B

Pass, coating performs well.

500 hrs weathering

AE Color 0.2; gloss 3.6 @ 60°

Pass, coating performs well.

3000 hrs weathering

AE Color 0.3; gloss 2.1 @ 60°

Pass, coating performs well.
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Table 11 summarizes a timeline of the internal development and testing of the BMS/Deft UV-
curable flat black and gray coatings. Events within this table will be summarized in more detail
in the following sections.
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6.2.1 BMS/Deft Initial Flat Coating Internal Development and Testing Effort

Task kick-off was held on January 29, 2009, with an initial anticipated timeline of five months.
Based on the proposed schedule, the coatings were expected to be delivered to CTC for JTP
testing by the end of July 2009. During the kick-off meeting, personnel from BMS visited the
CTIO to view the panels from the CTIO’s testing and the lamp equipment with which coating
cure would be evaluated. Following this meeting, CTC maintained regular communications with
BMS during flat topcoat development effort through regular reports and teleconferences. Some
of the more significant updates are discussed here.

February/March Status

During this initial technical effort, the focus was on reducing gloss in the original 21BK001
stencil coating. Most other properties were considered to have been already met, with increasing
flexibility the next target after meeting gloss requirements.

April Status
BMS determined that flexibility would be a difficult requirement using the baseline 21BK001

resin and that it would be necessary to investigate new base resins for improved flexibility.
There was concern that 40% flexibility might not be achieved. Initial results of the new resins
were noted as exceeding 20% GE Impact flexibility, which was regarded as very positive results.
Additionally, BMS created some gray versions of the formulation for comparison of properties.
Coating was reported as being on schedule to deliver to Deft for color matching by the end of
May.

May Status
Again, the focus was on balancing the trio of an acceptable appearance/gloss with an acceptable

flexibility with acceptable resistance/weathering properties. BMS continued to explore new
resin systems. The following quote is from the BMS report for May:

“This month’s focus on the UV-curable aerospace coatings project centered on fine tuning
formulations for their flexibility and chemical resistance, and preparing samples for
weathering studies. Four formulations with different combinations of hard and soft resins
were formulated into coatings and sprayed onto the both chromated and non-chromated
panels, and subsequently tested after curing. All formulations had acceptable gloss, chemical
resistance, and flexibility, and panels of these coatings were placed into the weatherometer
along with the two component control and stencil coatings. After 250 hours of accelerated
weathering exposure, all four samples were observed to have AE values near 2, and chalking
was also observed. Both the stencil and two component control had AE values less than 1.”

Deft and Bayer Material Science met to discuss the project’s current progress, and it was
concluded that the base resin formulation needed further development to address the chalking
issue. Furthermore, it was also decided that a full evaluation needed to be performed on the
final, color-matched coating to have the best chance of success.”
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At that time BMS determined that a schedule slippage to allow for the resin investigations would
be necessary.

June Status

BMS reported that the new resins were continuing to show poor performance in accelerated
weathering, exhibiting significant chalking and poor appearance after 500 hours. The revised
timeline showed Deft color matching being completed by mid-October.

July Status
BMS continued to report problems balancing low gloss and flexibility, attempting a variety of

additive solutions to adjust coating properties.

August Status
During August BMS focused on reducing the amount of color change and chalking during

Xenon accelerated weathering, a problem that had not appeared in the 21BK001 coating but that
was consistently appearing in the new resin formulations. The following quote is from the BMS
report for August:

“Over the past several months, our team has made substantial progress in gloss reduction,
adhesion, and flexibility to the stencil formulation and our best current formulation meets
or exceeds the two component polyurethane control coating in these performance areas.
Upon accelerated weathering, the UV cured coatings developed an unexpected chalking
issue that we believe needs to be addressed before further development occurs in order to
have the highest probability for a favorable evaluation by the Air Force CTIO.”

September Status

BMS reported, “In mid-August, Bayer passed off our best formulation to Deft for color
matching/additional refining. During September, Deft has taken the major role in coating
development while Bayer performed a supporting role by offering technical advice and shipping
the resins needed for scale up.” BMS reported the data table shown as Table 12 on the
formulation being passed to Deft, referred to in their internal numbering as “Flat Black NB
#974862.”
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Table 12. Data for coating Formula Passed to Deft
Properties of Flat Black NB #974862
100 MEK Double Rubs Passed
Flexibility 40% GE Impact
AE Color at 250 Hrs Accelerated Weathering 0.3 (no chalking)
AE Color at 500 Hrs Accelerated Weathering || 0.6 (no chalking)
AE Color at 750 Hrs Accelerated Weathering 0.8 (no chalking)
AE Color at 1000 Hrs Accelerated Weathering | 1.2 (no chalking)

Skydrol Resistance (24 hours) Passed — No blistering or delaminating
DI Water Soak (24 hours) Passed — No blistering

85° Gloss 15

Adhesion 5B (bare aluminum)

Pencil Hardness H

The table above does not list the 60° gloss, but it was stated as being <5 units. The 85° gloss did
not pass the requirement of 9, but CTC stated a willingness to engage with end users and secure
a deviation from the specification for 85° gloss, as stakeholders verbally confirmed that the 85°
requirement was considered of lesser importance. Data indicated that the coating balanced
resistance, flexibility, and appearance properties that could meet performance requirements.

Deft Color Matching

After receipt of the coating formulation from BMS, Deft was to color match the coatings and
provide samples for testing according to the JTP. Before submitting to external JTP testing, Deft
conducted internal testing against MIL-PRF-85285 performance requirements. Color matching
occurred in October and November 0f 2009, with samples shipped for spray-out and JTP testing
in December. Data from Deft’s internal testing are shown in Table 13.
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Table 13. Deft December 2009 Testing to MIL-PRF-85285

37038 36173 36118
Black Gray Gray
TEST SPECIFICATION 21BKO003 | 21GY001 | 21GY002
CURE TIME Run and report 8 min 8 min 8 min
COLOR, GLOSS
Color Delta E from Standard <10 0.51 0.45 0.95
60 5 MAX. 5.0 4.3 4.0
85 9 MAX. 9.0 9.0 8.0
ADHESION/STATE OF CURE
TAPE RESISTANCE 8 HR. MAX. @ RT pass pass pass
95% MINIMUM (2.0 - 2.4 DRY
CONTRAST RATIO MILS) pass pass pass
MEK 25 DOUBLE RUBS >50 >50 >50
DRY/WET ADHESION 4A/AB 4B/4B 4B/4B 4B/4B
FLEXIBILITY
AMBIENT 40% MINIMUM 20% 40% 40%
COLD -51C, 2" MANDREL 2" 2" 2"
WEATHERABILITY (500 HOUR XENON)
60 DEG. GLOSS 5 MAX. 0.4 0.8 0.6
85 DEG. GLOSS 9 MAX. 2.6 3.4 2.7
Color Delta E from Standard 1.0 MAX 3.84 0.21 0.49
OTHER TESTS
STRIPPABILITY, 500 hrs.
Xenon 90% MINIMUM 100% 100% 100%
HEAT RESISTANCE 1 HR @ 250F., AE <1.0 0.10 0.47 0.40
HUMIDITY 30 DAYS 5A 5A 5A
FLUID RESISTANCE
INITIAL MAXIMUM 2 PENCIL DROP 2B 2B 2B
MIL-L-23699 24 HR @ 250 F. B 2B 3B
MIL-H-83282 24 HR @ 150 F. 2B 2B 3B
JP-5 7DAYS @ 77F. 4B 4B 4B

Both gray coatings demonstrated the ability to meet minimum performance criteria. The
21BK003 black coating demonstrated failures in flexibility and 500 hour weathering. However,
Deft indicated that a final black version of the coating adhering more closely to the NB #974862
black formulation passed on by BMS could be produced and that these final coatings should
proceed to JTP testing. The pencil hardness of the coating was a concern, as 2B was below the
target value of HB or better. However, there is no mil-spec hardness requirement for coatings as
long as resistance properties are met.

CTC Cure Testing

In preparat